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STJMMARY 


An investigation has been conducted in the Langley 16-Foot Transonic Tunnel to 
determine the aeropropulsive characteristics of twin single-expansion-ramp nozzles 
installed in a wing-body configuration with forward-swept wings. The configuration 
was tested with and without canards. The test conditions included free-stream Mach 
numbers of 0.60, 0.90, and 1.20, an angle-of-attack range from -2° to 14°, and a 
nozzle-pressure-ratio range from 1.0 (jet off) to 9.0. The Reynolds number based on 
the wing mean aerodynamic chord varied from 3.0 x 10^ to 4.8 x 10^, depending on Mach 
number. 


Aerodynamic characteristics for the wing-afterbody-nozzle and the wing-afterbody 
portions of the model were analyzed to determine the effects of thrust vectoring and 
the effects of the canard. Results indicate that thrust vectoring had a favorable 
effect at all test conditions on the wing-afterbody-nozzle lift but was less favor- 
able on the wing-afterbody lift. Thrust vectoring had no effect on the angle of 
attack for the onset of inboard flow separation, which occurs for forward-swept 
wings. The canard was found to have little effect on the thrust-induced lift result- 
ing from thrust vectoring. 


INTRODUCTION 

The mission requirements for the next generation of fighter aircraft imply a 
highly versatile vehicle capable of operating over a wide range of flight conditions. 
This aircraft will most likely be designed for high maneuverability and agility, be 
required to operate in an extremely hostile environment, and possess STOL capabili- 
ties necessary for operation from bomb-damaged airfields. The fighter aircraft of 
the future may be designed for supersonic cruise in order to maximize attack options 
and minimize exposure to hostile action. To provide such multimission capabilities, 
new technology concepts such as thrust vectoring, thrust reversing, forward wing 
sweep, vortex flow control, and close-coupled canards for favorable canard-wing 
interactions must be considered in the fighter aircraft design. Consequently, NASA 
has contributed considerable research effort to the development of these technologies 
(refs, 1 to 8) . 

This paper presents the results of an experimental investigation of a model 
which utilized three advanced technology concepts: forward wing sweep, nonaxisymmet- 

ric nozzles with thrust vectoring, and close-coupled canards. The effects of thrust 
vectoring with twin single-expansion-ramp nozzles were determined for a wing-body 
model with forward-swept wings. The configuration was tested with and without fixed 
canards. The wing used in this investigation was highly cambered and twisted for 
maneuver conditions and had a design lift coefficient of 0,90, This investigation is 
a continuation of an earlier study of the effects of nonaxisymmetric nozzles with 
thrust vectoring on a wing-body configuration with uncambered forward-swept and aft- 
swept wings (ref, 8). The combination of a forward-swept wing with nonaxisymmetric 
nozzle thrust vectoring may have a favorable effect by reducing the inboard flow 
separation phenomenon, which is typical of a forward-swept wing flow field. 

The current investigation was conducted in the Langley 1 6-Foot Transonic 
Tunnel, The test conditions included free-stream Mach numbers of 0.60, 0.90, 


and 1,20, an angle -of -attack range from -2° to 14°, and a nozzle-pressure-ratio range 
from 1 .0 (jet off) to 9.O. Reynolds number based on the wing mean geometric chord 
varied from 3*0 x 10^ to 4.8 x 10^, depending on Mach number. 


SYMBOLS 


Model forces and moments are referred to the stability-axis system with the 
model moment reference center located at FS 96.86. Ihe symbols used in the computer- 
generated tables are given in parentheses in the second column. A discussion of the 
data reduction procedure and definitions of the aerodynamic force and moment terms 
and propulsion relationships used herein are given in the appendix. 
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^mb, 2 
^seal, 1 

^seal, 2 
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model cross-sectional area at FS 99.06, cm 

2 

model cross-sectional area at FS 132.08, cm 

cross-sectional area enclosed by seal strip at FS 99.06, 
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cross-sectional area enclosed by seal strip at FS 132.08, 
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wing-afterbody-nozzle thrust-removed drag coefficient, 
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wing-afterbody thrust-removed drag coefficient, 


drag-minus-thrust coefficient (net force). 
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wing-afterbody thrust -removed lift coefficient 

wing-afterbody -nozzle thrust-removed lift coefficient 

nozzle lift coefficient (including thrust component). 
Nozzle lift 
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total pitching moment coefficient (including thrust 
Total pitching moment 
q Sc 


component) , 


wing-afterbody thrust-removed aerodynamic pitching 
moment coefficient 

wing-afterbody-nozzle thrust-removed pitching moment 
coefficient 


nozzle pitching moment coefficient (including thrust 

Nozzle pitching moment 
component ) / — ■ - 

q Sc 


wing mean geometric chord, 18.707 cm 
wing-afterbody-nozzle drag, N 
wing-afterbody drag, N 
nozzle drag, N 

thrust along stability axis, N 
wing-afterbody-nozzle axial force, N 
axial force measured by main balance, N 
momentum tare axial force due to bellows, N 
nozzle axial force, N 

axial force measured by thrust balance, N 
thrust along body axis, N 
free-stream Mach number 

average static pressure at external seal at FS 99.06, Pa 

average static pressure at external seal at FS 132.08, 

Pa 

average internal static pressure. Pa 
average jet total pressure. Pa 
free-stream static pressrire. Pa 
free-stream dynamic pressure. Pa 
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s 


a (ALPHA) 

A 

6 (VEER) 

V 

Subscripts: 

c 

int 

P 

vie 

vse 

w 

Abbreviations : 

A/B 

ADEN 

ASME 

BL 

FS 

NPR (NPR) 

SERN 

STOL 

WL 


o 

wing reference area, 1241.65 cm 
coordinates of nozzle exit, cm 
angle of attack, deg 
increment 

geometric turning angle (positive direction deflects jet 
flow downward) , deg 

canard 

lift interference due to canard 
potential flow 

vortex effect at leading edge 
vortex effect at side edge 
wing 

afterburner 

augmented deflector exhaust nozzle 
American Society of Mechanical Engineers 
butt line, cm 

fuselage station (location described by distance in 
centimeters from model nose) 

nozzle pressure ratio, p^ . /P 

single-expansion-ramp nozzle 

short-field take-off and landing 

water line, cm 


APPARATUS AND PROCEDURE 
Model 

General arrangement .- Photographs of the model are shown in figure 1 • The over- 
all external geometry of the model is presented in figure 2. 
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The fuselage had rectangular cross sections with rounded corners. Hie body 
lines were chosen to enclose the internal propulsion system and to fair into the 
afterbody enclosing the nozzles. Ihe maximum width and height of the body were 
22.86 cm and 12.70 cm, respectively, and the maximum body cross-sectional area was 
284.78 cm^. Hiat portion of the configuration aft of the metric break at fuselage 
station 99.06 (afterbody, wing, and nozzle) was supported by the model main balance. 

A 0.16-cm gap between the nonmetric forebody and the metric afterbody (that portion 
of the model on which forces and moments are measured) was required to prevent 
fouling of the main balance. A flexible strip of DuPont Teflon inserted into slots 
was used as a seal to prevent flow into or out of the model. Hie low coefficient of 
friction of Teflon minimized restraints between the metric and nonmetric portions of 
the model. A metric break for a second balance (thrust balance), which supported 
nozzle hardware downstream of FS 132.08, is shown in figure 2 and was sealed in a 
manner similar to that for the main balance. In this report, that section of the 
model between the metric breaks (between FS 99.06 and FS 132.08), including the wing, 
will be referred to as the wing-afterbody. That section of the model from the first 
metric break (FS 99.06) to the end of the model (FS 154.40), including the wing, will 
be referred to as the wing-afterbody-nozzle. 

Forward-swept wing .- The planform of the forward-swept wing is shown in fig- 
ure 3. The reference-wing planform is also given in the figure. The reference wing 
is representative of a 0.10-scale tactical fighter and is the forward-swept wing 

2 

described in reference 9. The reference wing had an area of 1241.65 cm , a leading- 
edge sweep of 40°, an aspect ratio of 4.0, and a taper ratio of 0.40. Other dimen- 
sions are given in figure 3. The forward-swept wing had both camber and twist, and a 
dihedral angle of 6°, as shown in figure 2. The design lift coefficient of the wing 
was 0.90. 

The forward-swept wing was sized to the specifications of reference 9 and was 
used with the fuselage of reference 8. Consequently, the exposed wing area was small 
relative to the body maximum cross-sectional area. The wing was located longitudi- 
nally to align the nominal exit plane of the propulsion nozzle lower flap with the 
wing trailing edge (see fig. 2) • The vertical location of the wing was at the model 
center line. This wing location was selected to maximize interactions between the 
wing and the nozzle within constraints of the model geometry. 

Canard .- The canard, installed on the wing-body model, is shown in figure 2. 

The canard was cambered and had a leading-edge sweep of 48° , an aspect ratio of 
1.284, a taper ratio of 0.40, and a dihedral angle of 13° when mounted on the 
model. The exposed root chord of the canard was 14.63 cm, and the exposed tip chord 
was 5.87 cm. The ratio of the exposed canard area to the wing reference area was 
0.109. Hie canard was located upstream of the main balance metric break (FS 99.06) 
on the nonmetric part of the model. 


Twin- Jet Propulsion Simulation System 

A sketch of the twin- jet propulsion simulation system is presented in figure 4. 
This propulsion simulation system was also used for the investigation of refer- 
ence 8. An external high-pressure air system provides a continuous flow of clean, 
dry air at a controlled temperature of about 306 K at the nozzle. Hiis high-pressure 
air is brought through the support strut by six tubes into a high-pressure chamber. 
(See fig. 4.) Here the air is divided into two separate flows and is passed through 
flow-control valves. These manually operated valves are used to balance the exhaust 
nozzle total pressure in each duct. As shown in figure 5, the air in each supply 
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pipe is then discharged perpendicularly to the model axis through eight sonic nozzles 
equally spaced around the supply pipe. 'Ihis method is designed to eliminate any 
transfer of axial momentiam as the air is passed from the nonmetric to the metric 
portion of the model. Two flexible metal bellows are used as seals and serve to 
compensate for the axial forces caused by pressurization. The cavity between the 
supply pipe and bellows is vented to model internal pressure. (See fig. 5.) The 
tailpipes are connected to the thrust balance whose loads are then transmitted to the 
main balance through the wing and thrust-balance support block. 

The air is then passed through the tailpipes to the exhaust nozzles, as shown in 
figure 4. A transition, instrumentation, and choke plate section common to all noz- 
zles was attached to the tailpipes at FS 122.44 with FS 132.08 being the nozzle con- 
nect station. The nozzles had square corners in the duct downstream of the choke 
plate. The interfairing between the nozzles was required to house the actuator for 
the remotely-controlled variable external expansion ramps used for thrust vectoring. 

The single-expansion-ramp-nozzle (SERN) concept has a two-dimensional upper 
expansion ramp, which results in a combined internal /external expansion. This con- 
cept is a derivative of the augmented deflector exhaust nozzle (ADEN) of reference 10 
and features elliptical throat and expansion surface contours. The nozzle tested is 
shown in the sketches of figure 6 and the photographs of figure 7. Static perfor- 
mance data for this nozzle configuration are presented^ in reference 11. 


In the model, the elliptical contours have been approximated by a flow path 
formed by semicircular and straight line segments. The nozzle throat area and 
internal-area ratio (exit-area- to- throat-area ratio) are set by an adjustable lower 
surface flap and spacers to simulate rotation of the throat area control flap. Two 
nozzle power settings were tested and represented a dry or cruise power setting with 
a model throat area of 15.677 cm^ and an afterburning (A/B) power setting with a 
model throat area of 27.032 cm^. The internal-area ratio was 1.15 for the dry power 
setting and 1 .21 for the A/B power setting. 


Nozzle thrust vectoring was accomplished by deflection of the variable external 
expansion ramp. In the model, the variable external expansion ramp was remotely 
actuated. 


Wind Tunnel and Support System 

This investigation was conducted in the Langley 1 6- Foot Transonic Tunnel, a 
single-return, atmospheric wind tunnel with a slotted, octagonal test section and 
continuous air exchange. The wind tunnel has continuously variable airspeed up to a 
Mach number of 1.30. Test-section plenum suction is used for speeds above a Mach 
number of 1.10. From the calibration of the wind tunnel, the test-section wall 
divergence is adjusted as a function of the airstream dew point and Mach nximber. The 
adjustment eliminates any longitudinal static-pressure gradients in the test section. 
A complete description of this facility and operating characteristics can be found in 
reference 12. 

The model was supported by a sting strut with the model center of rotation indi- 
cated in figure 8. The strut had a 45® leading-edge sweep, a 50.8-cm chord, and a 
5-percent-thick hexagonal airfoil in the streamwise direction. The model blockage 
ratio was 0.0015 (ratio of model cross-sectional area to test-section area), and the 
maximum blockage ratio including the support system was 0.0020. Strut interference 
effects were considered to be small. 
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Instrumentation 


TSie main balance measured forces and moments resulting from the nozzle gross 
thrust and the external flow field over that portion of the model aft of FS 99 .OS. 
(See fig. 2.) The thrust balance measured forces and moments resulting from the 
nozzle thrust and the external flow field over the nozzle boattail and interfairing 
aft of FS 132.08. (See appendix.) Five pressure orifices located in each metric 
break (FS 99.06 and FS 132.08) were used to measure pressures for tare corrections to 
each balance. Internal cavity pressures were measured at four locations and were 
also used for these tares. Forebody attitude relative to the horizontal center line 
of the test section was measured by a calibrated attitude indicator mounted in the 
nose. Angle of attack a, which is the angle between the afterbody center line and 
the relative wind, was determined by applying terms for afterbody deflection caused 
by model and balance bending under aerodynamic loads and a flow angularity term to 
the angle measured by the attitude indicator. Ihe flow angularity adjustment was 
0.1®, which is the average angularity measured in the 1 6- Foot Transonic Tunnel. 

Flow conditions in each nozzle were determined from four total pressure probes 
and one total temperature probe located at FS 129.5 in the instrumentation section 
aft of the transition section and choke plate. All pressures were measured with 
individual pressure transducers, and temperatures were measured with iron-constantan 
thermocouples. Since the choke plate and nozzle flow instrumentation were downstream 
of the round-to-square duct transition section (see fig. 4), nozzle performance 
parameters were independent of duct transition effects. 

As a check on the adequacy of the flow instrumentation, nozzle total pressure 
surveys were made (ref. 11) by translating a shielded total pressure probe (Kiel 
tube) across the flow duct in the instrumentation sections. These surveys were made 
at approximately the same fuselage station as the total pressure probes that were 
installed in the instrumentation sections. Surveys were made along the nozzle hori- 
zontal and vertical planes. The nozzles were surveyed at each power setting in each 
duct in order to determine the effects of any geometrical differences on the total 
pressure profiles at the measuring station. Tlie numerically averaged total pressure 
from the total pressure tubes in the instrumentation section was within 0.2 percent 
of the integrated value from the Kiel tube surveys. 

All data for both the model and the wind tunnel facility were recorded simulta- 
neously on magnetic tape. Approximately 50 frames of data, taken at a rate of 
10 frames per second, were used for each data point. Average values of the recorded 
data were used to compute standard force and moment coefficients based on wing area 
and mean geometric chord for reference area and length, respectively. 


Tests 

This investigation was conducted in the Langley 16-Foot Transonic Tunnel at Mach 
numbers from 0.60 to 1.20. Angle of attack was varied from -2® to 14®, depending 
upon Mach number; nozzle pressure ratio was varied from 1.0 (jet off) to 9.0, depend- 
ing upon Mach number and nozzle power setting. Basic data were obtained by holding 
nozzle-pressure-ratio constant and varying angle of attack. Maximum allowable load 
limits on the wing restricted the maximum angle of attack at Mach numbers of 0.90 
to 1.20. Reynolds number based on the wing mean geometric chord varied from about 
3.0 X 10^ to 4.8 X 10^ at Mach numbers of 0.60 and 1.20, respectively. 
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All tests were conducted with 0.26-cm-wide boundary- layer transition strips 
consisting of No, 100 silicon carbide grit sparsely distributed in a thin film of 
lacquer (ref. 13). 'These strips were located 2.54 cm from the tip of the forebody 
nose and on both the upper and lower surfaces of the wings at 5 percent of the wing 
chord at the wing-fuselage juncture to 10 percent of the local streamwise chord at 
the wing tip. 


RESULTS AND DISCUSSION 

The results of this investigation are presented in both data plots and tables . 
Selected cases of basic aerodynamic data are presented in figures 9 to 17. Complete 
results for the entire investigation are presented in table I for the dry power con- 
figuration with canard on, in table II for the dry power configuration, canard off, 
in table III for the A/B power configuration with canard on, and in table IV for the 
A/B power configuration, canard off. 


Effect of Thrust Vectoring 

The effects of thrust vectoring on the aerodynamic characteristics for the dry 
power configuration with canard on are presented in figures 9 through 11. Results 
for the A/B power configuration with canard on are similar to the dry power results 
and are not presented graphically. The effect of the canard is discussed later in 
the text. Note that at jet-off conditions, the thrust is equal to zero, and the 
drag-minus -thrust term is equivalent to the total drag term C^. 

The lift curves in figures 9 through 11 are nearly linear up to an angle of 
attack near 8®, where a break in the lift curve slope occurs. This is most evident 
at M = 0.90 for each figure. The break in the lift curve slope indicates the onset 
of flow separation on the wing. Flow separation on a forward-swept wing most likely 
occurs initially at the wing root rather than at the tip, where it would occur for an 
aft-swept wing. Thrust vectoring has no effect on the onset of flow separation on 
the forward-swept wing. (See, for example, fig. 9(b) or 10(c).) Although thrust 
vectoring does affect the magnitude of the lift curves, the angle of attack at which 
the break in the lift curve slope occurs does not vary with thrust vector angle 6^. 

As thrust vector angle increases, there is the typical "crossover” of the indi- 
vidual drag-minus-thrust polars, with each crossover occurring at successively higher 
lift coefficients. (See fig. 9(a) or 10(b).) At maneuver conditions (high angles of 
attack), this crossover effect results in definite improvement in the subsonic drag- 
minus-thrust polars with increasing vector angle. This reduction in drag with 
increase in vector angle is particularly significant at angle -of -attack values above 
that required for the onset of flow separation on the wing. At supersonic conditions 
(M = 1.20), increases in vector angle result in small increases in lift but have 
little effect on the polars over the angle-of-attack range tested. (See figs. 9(c) 
and 10(f).) 

Incremental thrust-removed lift characteristics for both the dry and A/B power 
configurations with canard on are given in figure 12. Incremental lift is the dif- 
ference between jet-on and jet-off thrust-removed lift and generally represents jet- 
induced supercirculation lift. Increments are presented in figure 12 for both the 
wing-afterbody -nozzle thrust-removed lift coefficient C^^aero wing- 

afterbody thrust-removed lift coefficient Cy . (Note the difference in vertical 
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scales between fig* 11 and fig* 12*) Results are shown for two values of angle of 
attack at each of the test Mach numbers* 

The total wing-afterbody -nozzle incremental lift is generally much higher than 

the wing -afterbody incremental lift in all six cases of figure 12* This indicates 

that most of the jet-induced lift on the configuration occurs on the aft part of the 

wing-afterbody-nozzle section (nozzle and interfairing) and not on the wing-body 

alone. Previous studies have indicated that almost half of the induced lift occurs 

in the vicinity of the nozzle (ref* 14)* The small magnitude of AC^ a 

to the small size of the wing relative to the afterbody* Since most of the jet- 

induced lift occurs on the nozzle and interfairing, the effects of vectoring should 

be more apparent on AC^ aero' includes forces on this portion of the model* 

In fact, thrust vectoring has a favorable effect on AC^ aero conditions 

given in figure 12, particularly at M = 0*60* The effect of thrust vectoring on 

a is much smaller than on ACj^ aero favorable only at M = 0*60* It is 

not^ fully understood why vectoring Aas unfavorable results on the wing-afterbody 

lift Ct at M = 0*90 and 1*20* 

Juf a 

Figure 1 2 summarizes the effects of a number of aerodynamic parameters on the 
incremental lift data* The wing-afterbody-nozzle incremental lift (jet-induced lift) 
ACl aero tends to increase with increasing nozzle pressure ratio, angle of attack, 
and/or nozzle power setting at all Mach numbers tested* However, the effect of these 
parameters on wing-afterbody incremental lift AC^ appears to be Mach number 
dependent, and no general trends were observed for 'induced lift on the wing alone. 

To show the effect of thrust vectoring on the nozzle pitching moment coefficient 
^m n' incremental pitch characteristics are given in figure 13 for both the dry power 
configuration and the A/B power configuration with canards on. The canard-off Cj^ ^ 
data showed similar trends and, thus, are presented only in the tables* Incremental 
pitching moment data (AC^ j^) are presented as functions of thrust vector angle for an 
angle of attack of 0® and Mach numbers of 0*60, 0*90, and 1.20* Incremental pitch is 
the computed difference between the nozzle pitching moment coefficient at a particu- 
lar nozzle pressure ratio and the nozzle pitching moment coefficient at jet-off con- 
ditions, and is essentially the pitching moment due to vectored jet operation. 


Effect of Canards 

Jet-off characteristics * - The effect of fixed canards on the thrust-removed 
wing-afterbody-nozzle lift and drag data at jet-off conditions is presented in fig- 
ure 14* Only the dry power results are plotted, since data for the A/B power config- 
uration showed similar canard effects. Note that these results were measured on the 
wing -after body-nozzle and reflect only the aerodynamic interference effect of the non- 
metric part of the model (forebody plus fixed canard), since the exhaust jet is off* 
There is a loss in wing-afterbody-nozzle lift when the canard is installed due to the 
canard downwash flow field on the wing* For a more realistic fuselage-wing-canard 
configuration with a variable-incidence canard, this loss in wing lift would be com- 
pensated for by a comparable increase in canard lift at low angles of attack* 

Results similar to those of figure 14 are presented in figure 15 for the thrust- 
removed wing-afterbody characteristics and indicate that the interference effects 
for a fixed canard are felt primarily on the wing (for example, compare figs* 14(a) 
and 15(a) ) . 

Comparison with theory *- A comparison of the jet-off wing-afterbody-nozzle 
experimental lift (Ct = C- ^ jet off) with theoretical wing-afterbody-nozzle 

Xj Lj ^ 3LQ10 O 
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lift at M == 0.60 and 6=0^ is presented in figure 16. Drag polars are also 
compared in this figure. Hhe lift curve for potential flow on the wing-afterbody- 
nozzle predicted by the method of reference 15. 'Phe lift curves for 

vortex-lift theory were computed by the method of reference 16. A description of the 
computational procedure used in this comparison is given in reference 17. This 
method has the capability of computing lift for a multiplanform configuration. Con- 
sequently, the complete model geometry, including both metric and nonmetric sections, 
was used in the lift computation. The first planform included that part of the model 
from the nose (FS 0.00) to the first metric break (FS 99.06); the second planform 
consisted of that part of the model from the first metric break to the end of the 
nozzle. In this comparison, only the theoretical results on the wing-afterbody- 
nozzle are discussed. 

The lift curves in figure 16 show good agreement between experimental data and 
theory up to an angle of attack of about 10® for the canard-on case. The comparison 
between the theoretical and experimental results for the canard-off case probably 
indicates that there is little or no vortex lift being developed on the wing. This 
result is probably due to the camber, twist, and leading-edge sweep of the wing and 
to the leading-edge radius. However, the theory does predict the loss in wing lift 
due to the addition of the canard. 

The comparison between experimental and theoretical drag curves is not as good 
as the lift curve comparisons. Theoretical drag polars were computed for both zero 
and full leading-edge suction. The experimental drag polars should be similar to the 
theoretical drag polars for zero leading-edge suction if the wing has a sharp leading 
edge and is uncambered. However, in this case, the wing has a small leading-edge 
radius, camber, and twist so that a suction distribution is produced, but it is below 
the level of full leading-edge suction. Thus, the experimental drag polar data lie 
in between the theoretical predictions for zero and full leading-edge suction. 

Jet-on characteristics .- Selected cases of jet-on data are presented in fig- 
ure 17 to show the effects of canards and thrust vectoring on the thrust -removed 
wing-afterbody aerodynamic data. These cases are typical of the experimental results 
at other Mach numbers and nozzle pressure ratios. The lift curves show the same 
canard effect discussed previously, that is, a reduction in wing-body lift when the 
canard is installed. 

To summarize the effects of the fixed canard installation on thrust vectoring, 
incremental lift characteristics are presented in figure 18 for both the dry power 
and A/B power configurations. In this case, incremental lift is the difference 
between lift at 6 > 0® and lift at 6 = 0® for the wing-afterbody. The results 

indicate that installing the canard had only small effects on the incremental lift 
due to thrust vectoring. These results are consistent with the results presented in 
reference 14 for a configuration with an aft-swept wing. Reference 14 also indicated 
little or no effect on incremental lift for an aft-swept wing-body configuration with 
the nonmetric canard at deflections of +5®. 


CONCLUDING REMARKS 

An investigation has been conducted in the Langley 1 6- Foot Transonic Tunnel to 
determine the aeropropulsive characteristics of twin single -expans ion-ramp nozzles 
installed in a wing-body configuration with forward-swept wings. The configuration 
was tested with and without canards. The test conditions included free-stream Mach 
numbers of 0.60, 0.90, and 1.20, an angle-of -attack range from -2° to 14®, and a 


10 


nozzle-pressure-ratio range from 1.0 (jet off) to 9.0 
the wing mean aerodynamic chord varied from 3.0 x i 0^ 
number. 


Ifie Reynolds number based on 
to 4.8 X lO^r depending on Mach 


The aerodynamic data were analyzed to determine the effects of thrust vectoring 
cind the effects of the canard. Thrust vectoring had no effect on the angle of attack 
for the onset of flow separation on the wing but resulted in reduced drag at angle- 
of -attack values above that recjuired for wing flow separation. Results indicate that 
thrust vectoring had a favorable effect at all test conditions on the wing-afterbody- 
nozzle lift but was less favorable on the wing-afterbody lift. Most of the induced 
lift due to vectoring occurred on the nozzle and interfairing, not on the wing. 
Finally, the canard was found to have little effect on the thrust-induced lift 
resulting from vectoring, since canard effects occurred primarily on the wing. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
February 10, 1983 



APPENDIX 


DATA REDUCTION AND CALIBRATION PROCEDURE 
Calibration Procedure 

The main balance measured the combined forces and moments due to nozzle gross 
thrust and the external flow field of that portion of the model aft of FS 99.06, Ihe 
thrust balance measured forces and moments due to the nozzle gross thrust and the 
external flow field exerted over the nozzle boattail and interfairing aft of 
FS 132.08. Because the center lines of the force balances are located above and 
below the jet center line (fig. A) , force and moment interactions exist between the 
bellows-flow transfer system (fig. 5) and the force balances. 

Consequently, single and combined calibration loadings of normal and axial force 
and pitching moment were made with the completely assembled model installed in the 
tunnel. In addition, with wedge nozzle 1 of reference 11 installed, loads were 
applied to the model with the jet operating. This wedge nozzle was used instead of 
the ASME-type calibration nozzles used previously (ref. 11) because of the availabil- 
ity of a calibration fixture upon which loadings could be made separately to each 
balance with the model fully assembled. Use of the ASME-type nozzles would have 
necessitated complete disassembly of the model, which could have altered some of the 
calibration results. The calibration results with the wedge nozzle agreed with pre- 
vious data within 1/2 percent on sonic nozzle discharge coefficient, and within force 
balance accuracy on forces and moments. 

The calibrations were performed with the jets operating because this condition 
gives a more realistic effect of pressurizing the bellows than does capping off the 
nozzles and pressurizing the flow system. However, loadings were also done in the 
axial-force direction with the flow system capped off and pressurized, and this 
method indicated no effect on the axial force measured by the main balance. Thus, in 
addition to the usual balance interaction corrections applied for a single force 
balance under combined loads, another set of interactions were made to the data from 
this investigation to account for the combined loading effect of the balance with the 
bellows system. These calibrations were performed over a range of ejqjected normal 
forces and pitching moments. The interactions can be determined by either single or 
combined loadings. 


Data Adjustments 

In order to achieve desired axial-force-minus-thrust terms, the axial forces 
measured by both force balances must also be corrected for pressure-area tare forces 
acting on the model and for momentum tare forces caused by flow in the bellows. The 
external seal and internal pressure forces on the model were obtained by multiplying 
the difference between the average pressure (external seal or internal pressures) and 
free-stream static pressure by the affected projected area normal to the model axis. 
The momentxam tare force was determined from calibrations using the wedge nozzle prior 
to the wind tunnel investigation. 

Axial force minus thrust was computed from the main balance axial force from the 
following relationship: 

^A " ^j ” ^A,Mbal (^es,1 " ^a>)f^mb,1 ” ^seal, 1 ^ ^^i ” ^®)^seal, 1 " ^A,mom 
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where Mbal includes all pressure and viscous forces, internal and external, on 
both the afterbody and thrust system. The second and third terras account for the 
forward seal rim and interior pressure fprces, respectively. In terms of an axial- 
force coefficient, the second term ranges from -0,0001 to -0,0007, and the third term 
varies +0,0075, depending upon Mach number and pressure ratio, Ihe internal pres- 
sure at any given set of test conditions was uniform throughout the inside of the 
model, thus indicating no cavity flow. The momentum tare force is a momen- 

tum tare correction with jets operating and is a function of the average bellows 
internal pressure, which is a function of the internal chamber pressure in the supply 
pipes just ahead of the sonic nozzles (fig, 5) , Although the bellows were designed 
to minimize momentum and pressurization tares, small bellows tares still exist with 
the jet on. These tares result from small pressure differences between the ends of 
the bellows when internal velocities are high and also from small differences in the 
forward and aft bellows spring constants when the bellows are pressurized. 

Nozzle axial force minus thrust is computed from a similar relationship; 


^A,n " ^j ^A,Tbal ^^es,2 ” ^«>^(‘^mb,2 ^seal,2^ (^i “ ^<»^^seal,2 ^A,mom 

where F^ Tbal nozzle thrust and the internal pressure forces acting on the 

thrust system. 

Since both balances are offset from the model center line, similar adjustments 
are made to the pitching moments measured by both balances. These adjustments are 
necessary because both the pressure area and bellows momentum tare forces are assumed 
to act along the model center line. The pitching-moment tare is determined by multi- 
plying the tare force by the appropriate moment arm and subs trac ting the value from 
the measured pitching moments. 


Thrust-Removed Characteristics 

The resulting force and moment coefficients from the main balance include total 
lift coefficient drag-minus-thrust coefficient total pitching 

moment coefficient Cj^, Force and moment coefficients from the thrust balance are 
nozzle lift coefficient including thrust component nozzle drag-minus- thrust 

coefficient, -F) ' nozzle pitching moment coefficient 

Thrust-removed aerodynamic force and moment coefficients for the entire model 
were obtained by determining the components of thrust in axial force, normal force, 
and pitching moment, and subs trac ting these values from the measured total 
(aerodynamic-plus-thrust) forces and moments. These thrust components at forward 
speeds were determined from measured static data and were a function of the free- 
stream static and dynamic pressures. This procedure retains external flow effects on 
thrust in the thrust-removed aerodynamic coefficients. These effects can be large 
for SERN-type configurations. Thrust-removed aerodynamic coefficients are 


C = C - Jet lift coefficient 

L,aero L 


C = C. + Thrust coefficient 

D (D-F) 
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Thrust-removed coefficients for the wing body are obtained by simply combining 
the measured results from both force balances as follows: 

^L,a ~ ~ ^L,n 

^D,a “ *^(D-F) " ^(D -F) 

n 

C = C — C 
m / a m m ^ n 

It should be noted that the external aerodynamic forces on the nozzle (aft of 
FS 132.08) are also removed by this method. 
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TABLE I.- AERODYNAMIC CHARACTERISTICS FOR SERN, DRY POWER, CANARD ON 



VCFP 

KIPR 

ALPH* 

CL 

Cfo-n 

CM 

CLM 

CfDN-n 

CMW 

clacrq 

CDAERO 

CMAERO 

CLA 

cda 

CMA 



1,00 

• 3.03 

p0566 

,osao 

-, 09413 

-,0024 

.0071 

.0027 

,0566 

,0300 

•,090s 

,0590 

,0309 

-.0970 

,597 

.03 

1,00 

•.03 

p16l9 

,0370 

• , 1 US6 

-.0050 

.0071 

.0072 

.1619 

.0370 

•,tOS6 

,1677 

,0209 

• , 1520 



1.00 

1.09 

.2«09 

,041?5 

- , 2069 

-.0065 

.0073 

,0065 

.2009 

,0425 

•,2069 

,2870 

,0353 

-.2134 


.OT 

1,00 

3.98 

,^053 

,0530 

-,27tt2 

-.0056 

.0074 

.0022 

.4053 

,0536 

-.2702 

,01flS 

,0463 

-.2764 

,fe01 

.OT 

1.00 

5.97 

.52S1 

,07041 

-.3302 

• ,0064 

.0077 

,0010 

.5201 

,0704 

•,3582 

,5305 

,0627 

-.3392 

.fcon 

p09 

1.00 

7.9P 

.6577 

,09e,5 

-,4069 

• ,0057 

.0005 

-,0030 

.6577 

.0965 

•,0069 

,6633 

,0077 

-.4032 

,?98 

.OS 

1.00 

11,99 

,B7?I 

.10544 

-.5366 

•,0012 

,0116 

•.0221 

,5721 

,1054 

•,5566 

.8733 

,1730 

-.5145 

.805 

.ns 

i.no 

10,5a 

,9a IS 

,259P 

-.6109 

.0031 

.0147 

-.0376 

.0010 

,2599 

•,6 1 89 

,9787 

,2452 

-.5013 

.801. 


3,01 

-.05 

,1655 

• ,1019 

-,1609 

,0031 

-.1261 

•,0?75 

,1719 

,0346 

•,1835 

.1625 

,0242 

-.1534 

.801 


3.01 

3.99 

.U2(I7 

■ ,004144 

•.31041 

.0151 

•.1254 

•#039? 

,4216 

,0514 

•,3210 

.0096 

,0410 

-.2792 

.801 

.09 

3.03 

7,9* 

,6975 

-,0397 

-,41659 

.0305 

•,1231 

•,0555 

,6047 

,0971 

• ,0685 

,6670 

,0635 

-.4074 

.999 

.09 

3.03 

11,99 

,92«0 

,05?a 

• , 6007 

,04171 

-.1152 

-,0524 

.9015 

.1090 

•,6032 

,8770 

,1676 

• ,5163 

.?»? 

.09 

3,01 

10.51 

1,0^70 

,1293 

-,6915 

.0509 

• .iin 

•,1016 

1 ,nl66 

,2640 

•,6901 

,9881 

,2405 

-.5099 

.599 

.10 

5.51 

•3.05 

,0566 

-,50?9 

-,14172 

,0039 

-.319? 

••0443 

.0719 

,0597 

•,1367 

.0527 

,0163 

•,1029 

• J99 

.09 

3.53 

-.02 

,i7aa 

-.3050 

• .2093 

.0145 

-.32?! 

•,04lPp 

,1021 

,0392 

..1987 

.1603 

,0171 

• ,1614 

.999 

.09 

5.53 

1.99 

.3109 

-,29qa 

-,?7341 

.0263 

-.3226 

-.0521 

.3021 

,0453 

■,262* 

,28<I6 

,0220 

-,2?13 

,fcOn 

.07 

3.51 

3.9* 

,««a3 

-.2850 

-,34110 

.0375 

-.3199 

• ,0561 

,4276 

,0567 

•,3312 

.0108 

,0341 

-.2057 

,598 

.05 

5.51 

6,00 

p5901 

-.2675 

-,41419 

,0501 

-,3201 

*.0633 

,5572 

,0752 

•,0003 

,5399 

,0526 

• ,3516 

,«!98 

,0? 

5,50 

«,oo 

,73?5 

-.2307 

•.4007 

.064? 

-.3160 

• ,0741^:1 

.6070 

.1024 

-.0781 

.66*3 

,0702 

-,4|42 

,99* 

.0? 

5.51 

11.99 

,9759 

14457 

• ,6272 

,0959 

-.3005 

- ,0904 

,9070 

.1939 

•.6165 

,8820 

,1631 

• ,5270 

.800 

,01 

3.53 

10,08 

1,10a? 

-,06?1 

•,7204 

.1131 

-.2991 

•,1197 

1.0255 

.2707 

•,709b 

.9951 

,2370 

-.6007 

.800 

•ill 

5,01 

-.05 

.1751 

-.5044 5 

.,2042 

.0122 

-.5155 

•,0350 

,1051 

,0367 

• ,2000 

,1629 

,0112 

-,1653 

.805 

-.13 

5.00 

0.00 

,a650 

• ,4104141 

-.3450 

,0455 

-,5155 

• • 050? 

.4360 

,0554 

-.3007 

,0185 

,031 1 

-p294B 

.800 

•.15 

5,01 

7,99 

,76?U 

-,a35U 

-,4P1 0 

,0079 

•,5093 

•,060? 

,6967 

,1013 

•,0907 

,6706 

,0739 

• ,4?10 

.998 

• .?o 

5.01 

1 1 .99 

1.0190 

• ,341541 

-,6?51 

.1510 

-.5105 

• ,0005 

,9130 

,1936 

• ,6279 

,8879 

,1620 

•.5374 

,999. 

• ,?o 

5.03 

10,50 

1.1565 

-.2661 

-.7100 

,JS93 

- . 5006 

•,1110 

1 ,n250 

,?695 

•,717b 

.9973 

,2345 

• ,6070 

.800 

10.01 

1.03 

• 3.00 

,oao6 

.0362 

-.1570 

,0?61 

.009? 

•,0619 

,0006 

.0362 

• ,1570 

,0505 

,0270 

•,0951 

,801 

9.99 

1,03 

-.00 

.1853 

.0366 

-,2125 

.0233 

,0105 

•, 061 1 

,1005 

,0366 

•,2125 

,1609 

,0261 

• .1514 

,801 

9.99 

1,03 

3. 00 

.50a7 

.04130 

-.2732 

.0214 

.0122 

•,0627 

,5047 

,0430 

• .2732 

,2833 

,0300 

•,2l 05 

,80? 

lO.ftl 

1,03 

0.01 

,U350 

.0560 

-,5475 

,0250 

,0135 

•.ori? 

,4350 

,0560 

.,3073 

,0120 

,0423 

• .2761 

.80? 

10,00 

1,03 

6.01 

,5616 

.07417 

-,4166 

,0236 

.0156 

-.0775 

,5616 

,0747 

•,0166 

,5379 

,0591 

•,3391 

,80i 

10.00 

1.03 

*.00 

.69?1 

.1019 

-.4007 

,0256 

,0175 

-.0567 

.6921 

,1019 

•,0887 

,6660 

,0641 

•,4020 

,801 

10,00 

1.03 

13,02 

,905/4 

,195b 

•.6173 

,0302 

.0249 

-,1054 

,9054 

,1956 

•,61 73 

,6752 

,1707 

-,5119 

.590 

9,99 

1.03 

10.50 

1.0167 

.2715 

-.7016 

,0343 

‘.0304 

•,1207 

1 ,0167 

,2715 

•,7016 

,9820 

,241 t 

• ,5508 

.8O5 

in.il 

1.99 

.03 

p?61 1 

— .0060 

-^3730 

,0520 

-,1002 

•.2155 

.2417 

,0420 

•.3109 

.17*3 

,0222 

• ,1503 

.800 

10.19 

3.05 

0.01 

.5136 

• . 0652 

-,51419 

,0944 

-.1059 

-.2335 

,4035 

,0647 

•,0525 

,0192 

,0407 

-,2014 

.599 

10.13 

I.Q9 

8.00 

.rata 


• .6620 

.1064 

-.0955 

-.2559 

.744? 

,1130 

-.6030 

,6750 

,0034 

-,4069 

.808 

10,09 

3.00 

13.02 

1,0136 

,0073 

.,0057 

,1217 

-.0035 

•,2846 

,9665 

,2111 

•,7053 

,8919 

,1707 

• ,5211 

.800 

10.05 

3,00 

10.5? 

1.15?? 

,1650 

-.0074 

.1325 

-.0747 

-.3066 

1.0799 

.2909 

-.8369 

.9997 

,2436 

• ,5908 

.603 

10.06 

3.05 

• 1.99 

.2033 

- . 25 o 7 

-.4604 

,1340 

-,30?5 

•,3602 

.1526 

,0441 

•,3070 

,0690 

,0221 

•,1062 


TABLE !•- Continued 


M*pH 

VEF« 

»JPR 

alpha 

Cl. 

CfD-P) 

CM 

CLH 

C(DW-F1 

CMN 

Cl. AFRO 

COAtRO 

CHaEPO 

CLA 

cda 

CHA 


9. or 

3,50 


,3?T5 

• ,2765 

-,5333 

,105? 

-,?99? 

•,3670 

,2653 

,0070 

• ,3716 

,10?5 

• 02^7 

1659 

,600 

10, no 

S.51 

?,0? 

,0577 


-.6023 

,1573 

-,297a 

•,3765 

,3832 

.056? 

• ,0300 

,3000 

.0284 

-.2259 

,!l99 

9.96 

3,a9 

0,0? 

.5960 

• ,2aeo 

•,67a« 

,1663 

-,2901 

•,3051 

,511 1 

,0719 

• ,5ii0 

.0201 

«04ia 

P.2097 

,60? 

9.96 

5,50 

6.03 

.75?6 

-,222a 

-.7as? 

,1787 

-,2801 

•,3936 

,A368 

,0986 

•,5635 

,5539 

,0577 

-,3517 

,60ft 

9.99 

3,50 

6' 00 

,6730 

-,iPia 

-,«2a2 

,19?0 

-.2757 

*.0066 

,7658 

,l?33 

",6609 

.6010 

.0843 

-.4156 


9,9a 

3,50 

1?,01 

1 ,1?06 

-.0«53 

•,96P2 

,?195 

-.2567 

•,0001 

,9911 

.2216 

• ,8055 

.9012 

.1714 

•.5292 

,59? 

9.9S 

5,50 

10,50 

1 ,?079 

,0015 

-1,0618 

,?369 

-,?a33 

• ,0607 

1.1049 

.3030 

• , 6980 

1,0110 

.2448 

-^6012 

%ftl 

9.9^ 

5,0? 


,00?1 

•,«512 

-,8023 

,?507 

-,a715 

•.6316 

,2839 

,0669 

•,017ft 

,1075 

.0203 

• ,1707 

,460 

9,9? 

5,00 

0.0? 

.7179 

-,ai62 


,?679 

-.aS73 

••6007 

,5229 

,0930 

• ,5512 

,0100 

,0411 

-.2938 

,<>ftft 

9.9? 

5,00 

8,0? 

1.0110 

*,3a67 

-1 .0A7? 

,3?06 

• ,a32a 

• ,6603 

,7819 

.1070 

• ,7009 

,6907 

,0857 

•.4229 

i9? 

9,9? 

5,00 

I?,0? 

l.?63? 

-,?3a2 

-1,2270 

,3570 

-,ao5l 

•,6901 

,9988 

.2001 

•,6351 

,9062 

,1709 

• .5329 

JfcOft 

9.9? 

5.00 

10,50 

1 ,0000 

-.1379 

-1 ,3261 

,3600 

-,3ea8 

•,7160 

1,1191 

,3203 

• ,9100 

1.0200 

,2470 

• •6101 

,a01. 

?ft.?5 

1,03 

• ?,00 

.1063 

.03P1 

-,2nQ0 

,0065 

,ni?a 

• ,1 H7 

,1083 

,0391 

• ,2090 

,0610 

,0267 

-.0973 

,A0? 

?e.?5 

1,03 

pOl 

,?170 

,oao7 

-^2683 

,0060 

,01a? 

•,1109 

,2174 

,0007 

•,2603 

,1710 

,0264 

• .1534 

;i9T 

?ft,fti 

1,03 

1,99 

.33?1 

,0a«6 

-.3297 

,0006 

.0171 

••116? 

,3331 

.0006 

•,3297 

,2006 

.0316 

• •2119 


?ft,05 

1,05 

3,99 

.0617 

,0633 

-,ao33 

,0065 

,02oa 

•,1?70 

,4617 

.0633 

•.0033 

,0152 

,0429 

-.2756 


?ft,ft1 

1 ,eu 

6,00 

.59|6 

,0fl3P 

-,a776 

,0060 

.8233 

•,137ft 

,^926 

.0039 

• ,0776 

,5006 

,0605 

• ,3405 

;Aft? 

?ft.ft6 

1 ,0« 

6,00 

,7??1 

,1120 

-.5519 

,0513 

,027a 

•.1096 

,7221 

.1129 

• ,5519 

,6700 

,0855 

-,4023 

.AOn 

?n.ft6 

1 ,0« 

l?,Oft 

.931? 

.205S 

-.6718 

,0517 

,03a3 

•,16ft9 

,9312 

,2055 

• ,6710 

,8796 

.1712 

•,5109 


?0,ftft 

1 ,ou 

10 5? 

1 .ftOOl 

,2»a6 

-,7568 

,0505 

,oaoa 

••1739 

1,^441 

.2006 

•.7566 

,9690 

,244? 

-.5829 


?ft,ftl 

?,03 

,03 

,3393 

- • 06P2 

-,5518 

,15?0 

-.0928 

•,3903 

,2954 

,0601 

•,0?85 

.1069 

,0235 

-.1615 


?ft,ftft 

?,00 

0,0? 

,5666 

-.0373 

..6850 

,1600 

-,0803 

•,00?6 

.5354 

,0060 

•.5600 

,0260 

.0430 

-.2824 


19,99 

?.oo 

6,01 

,6500 

,02nft 

-,8399 

,17?5 

-,06a9 

•.9303 

,7944 

.1009 

•,7193 

,602ft 

,0857 

-.4096 


?ft,ft5 

?.oo 

l?,01 

1 ,0007 

.1251 

-.9797 

,1636 

-,oa62 

•,0569 

1 ,0 126 

,2007 

•.0590 

,8970 

.1713 

-.5208 

-AO? 

19.99 

?,01 

10,5? 

1 ,?010 

.2115 

-1,07^5 

,19?7 

-.03a8 

•,0811 

1.1275 

,3?06 

•,9529 

1,0007 

.2463 

-,5934 


?0,ft? 

3.50 

• 1 ,99 

,5??7 

*.2a52 

-,750s 

,?090 

-,2677 

•,60?9 

.1997 

,0622 

•,0172 

,0733 

.0225 

1076 

^aoi 

ao.ft? 

3.5? 


,0065 

-,23flO 

-.«l9ft 

,?610 

-.2612 

•,651? 

.3135 

.0665 

•,0035 

.1870 

,0223 

•, 1606 

^aoT 

?p,ft? 

3.5? 

?;o3 

,5755 

-.2222 

-.8827 

,?7ftO 

-,2513 

•,6567 

,4304 

,0770 

•,5075 

,3055 

.0290 

•.2259 

,^99 

?ft.ft? 

3.51 


,71?5 

-,2ooa 

-.9560 

,?6ft? 

-,2a23 

•.6653 

,5566 

,0909 

•,6?01 

,0320 

,0419 

-.2910 

^ AOn 

?ft,ft? 

3,51 

A 03 

,6099 

• , 1 7 0 5 

• 1 .0^05 

,?900 

•,230a 

•,6750 

.8839 

,1107 

• • 6906 

,5590 

,0596 

-.3551 

-Aft^ 

?ft,fti 

3.5? 

R.03 

,991ft 

-.1207 

-1 .1070 

,3003 

-.2160 

•,667? 

,8161 

,1519 

•,775? 

,6907 

,0862 

•,4197 

,A(I? 

?n,ftl 

3.51 

1?-0! 

1 ,?3ft9 

-,01S8 

-1,2500 

,3?1? 

-.1878 

•,7166 

1,0369 

.2531 

•,9|66 

,9097 

,1720 

-,531a 

^aoi 

?0,ft? 

3.51 

M.5? 

1,3566 

,078P 

-1 ,3a93 

,3356 

-.169? 

•,70?u 

1.1530 

.3392 

•1,0152 

1.023? 

,2482 

-,6069 

^AOft 

?ft.05 

5.01 


,59?9 

-.3000 

-l.laAO 

,3957 

-.4076 

•,9706 

,3348 

,0663 

•,5399 

,197? 

,0132 

-.1778 

^AOO 

?A.oa 

a, 99 

U-03 

,6676 

-,3a32 

-1 ,2809 

,0??3 

-,3755 

•,9616 

,5793 

,0967 

•,6791 

,0053 

,0323 

-.3033 


?ft,ftl 

5,01 


1 ,1560 

•.26as 

-1 ,0«59 

,0551 

-,3418 

•1 ,fll?5 

,8383 

.1550 

•,0355 

,7030 

,0773 

•.4314 


?ft.ft? 

5,0? 

12-03 

1 ,0063 

-,iaoi 

-1 .5909 

,«0OO 

-,304a 

• 1 ,00fln 

1.0586 

,2503 

•,9799 

,9239 

,1645 

-.5469 

.*=^99 

?0,ftft 

5,01 


1.5061 

-.0377 

-1,6900 

,5066 

-.279/U 

•1,07?5 

V.1793 

.3051 

•1,0795 

1,0395 

,2418 

•,6179 

/9n? 

.ft« 

1 .0? 

• ?.01 

,0?99 

,oapo 

-,1227 

•,Oftl? 

.0026 

,0056 

,0299 

,0090 

•,1?27 

.0311 

,0465 

-.1285 

•a^'o 

.ft« 

1.0? 

.02 

,1565 

,oa«53 

-.1920 

•,0009 

.0034 

,019ft 

.1565 

.0053 

•,1920 

,1653 

,0419 

-.2114 
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M*rH 

VEF» 

MPR 

*UPH* 

CL 

CiOmf) 

CM 

CLN 

C(DN-F) 

CMM 

Cl *FRO 

COAERO 

cmaero 

CL* 

COA 

CMA 


.01 

1^02 

<1,01 

,*5l 1 

,0679 

• .3597 

•,0l8fe 

,0826 

.0510 

,0811 

.0679 

•,1897 

,4697 


-,1911 


.na 

1^02 

6.01 

.6266 

.0972 

-.6560 

*,0198 

.0065 

.0501 

.6266 

.0972 

•,4860 

,6464 

,0#2t 

-,9861 


.09 

1,00 

ft nn 

,7589 

,1670 

-.5297 

•,0?07 

.0097 

.0259 

.7889 

.1070 

•,8297 

.7798 

,1172 

-.5552 


• ,oa 

,98 

12,00 

.8690 

,2656 

-^5333 

•,0522 

.0205 

,00ft6 

,8690 

,2050 

•,5353 

,9011 

,22ZI8 

-,5739 


• ,(19 

.96 

Ifl.So 

,976ft 

.5256 

-.6162 

•.0582 

,0259 

.0018 

.9760 

.3286 

-.6142 

1.0122 

,2^98 

-,6558 

,8?? 

• ,()9 

3,53 


.1755 

•.1056 

-.2256 

.0q5<> 

-.1667 

•.0112 

.1746 

.0481 

-.2209 

,1697 

,019« 

-,2199 

,»01 

.0? 

3.51 

a 05 

.0865 

•,0796 

• .6059 

.0068 

-.1627 

•,0105 

,4752 

,0722 

•,«012 

,4787 

,0611 

-,1956 

,8»9 

^.19 

3.51 

*,01 

,8076 

•.0010 

• ji5859 

,0?S2 

-.1365 

•,0348 

.7878 

,1500 

•,5812 

,7842 

,1155 

-,5519 

,89* 

*.06 

3,50 

12, «2 

.9383 

.1016 

• ,6117 

,0? T 0 

-.1218 

•,0339 

.9079 

.2812 

•,60Tl 

,9109 

,2215 

-,5778 

,98* 

• ,(>9 

3.51 

10 51 

1.0557 

.1856 

-.7016 

,0558 

-.1138 

•,0052 

1,0189 

,3332 

•,6969 

1,0219 

,299« 

••6589 

,?0 V 

• ,?o 

5.00 

• 1,98 

.0070 

•,1912 

-.1716 

,01 U 

-.2312 

• ,00(15 

.0895 

.0495 

•,1713 

,0350 

,0000 

-,1111 

,909 

pOb 

5^03 

;oft 

.1868 

•,1957 

-.2585 

,0176 

-.2326 

•,00 ?i 

.1891 

,0473 

•,2584 

,1672 

,0367 

-,2169 

,9"5 

.09 

5.06 

?;oi 

,3353 

•,1890 

-.3636 

,0?08 

-.2517 

•,0577 

.5290 

,0547 

•,3436 

,3125 

,0027 

-,1058 

,90! 

.03 

a, 96 

a. 01 

.5066 

••1661 

-.6666 

,052? 

-.2236 

• ,058ft 

.4958 

,0730 

•,4462 

,0702 

,0571 

-,l9ia 

, 90 ? 

,09 

5,07 

6,01 

.685ft 

•,1637 

•^5365 

,0356 

-.2302 

•,000ft 

,6623 

.1018 

•,53«6 

.6802 

,0865 

• ,4909 

,»oo 

,00 

5,01 

8,01 

.8310 

• ,0902 

-.6187 

.0678 

-.2199 

•.0692 

.8014 

.1510 

•,6166 

.7832 

,1297 

-.5995 

,8*9 

.09 

5,00 

12,01 

,9667 

,0136 

-.6313 

.0808 

-.2067 

•,055i 

,9162 

,2521 

•,6312 

,9139 

,2181 

-,5782 

,900 

• ,05 

5,00 

19>2 

1,0856 

,0967 

-.7152 

.05T7 

-.2012 

•,0819 

1 ,0269 

,3527 

•,7l5l 

1,0289 

,2979 

-,6611 

,89? 

.OT 

7.03 

00 

.1766 

•,3256 

-.2216 

.0053 

-.3597 

,0027 

.1858 

.0423 

•,2295 

,1753 

,0161 

-.2291 

,909 

.05 

7.03 

tt-01 

,5052 

•.2987 

• , 6036 

,0?36 

-.3555 

••0017 

,0845 

,0667 

•,4117 

,0796 

,0568 

-.9019 

, 90 n 

.o« 

T.oo 

8,02 

.8398 

• .2166 

-.5866 

,0093 

-.5632 

•,0228 

.7958 

.1467 

•,5926 

,7905 

,1285 

-,5616 

,89* 

.05 

7,01 

12,01 

.9889 

• ,n?3 

• ,6161 

,0688 

•^3298 

•.0278 

,9194 

.2473 

•,6221 

,92(11 

,2175 

-I 5866 

,89* 

.05 

6,99 

16,51 

1.1206 

• .0263 

-,^126 

,0860 

-.3222 

• ,00?<» 

1.0555 

,3299 

•,7204 

1.0302 

,2958 

-.6699 

,90ft 

9,99 

1,05 

• 1.80 

• 07<I6 

p0669 

•,1797 

,0?08 

,0020 

•,007ft 

.(>700 

.0499 

7.1797 

.0098 

,0«70 

-.1319 

>9* 

9,99 

1,05 


.1808 

.0677 

•.2632 

,0139 

,0032 

•,0567 

, l 8 nft 

,0477 

•,2432 

.1668 

,oaaS 

-,2065 

,900 

9,99 

1,05 

2,05 

,3221 

.0550 

-.3255 

,0080 

.0038 

-.0291 

.5221 

,0550 

•,3285 

.3137 

,0512 

-,2969 

,899 

9,99 

1.06 

a^io 

,«855 

.0732 

•,6198 

,0076 

.0052 

•, 055 a 

.0833 

.0732 

•,4198 

,4757 

,0679 

•,5861 

,09* 

10,00 

1,05 

6,02 

.6683 

,1020 

•^5096 

,0070 

.0071 

•,057ft 

.6083 

,1020 

•.8096 

,6379 

,09(19 

-.9717 

,90? 

10, qo 

1,03 

8,10 

.7855 

,1533 

•.5816 

,0005 

.0125 

•,0288 

.7835 

,1533 

•.8816 

,7850 

,1906 

-,5512 

, 90 ? 

9^99 

1,0? 

12,05 

.8809 

,2502 

•.5736 

•.0107 

',0261 

•,ft0?9 

,8809 

,2802 

•,5734 

,8956 

,2261 

-.5665 

,89? 

10,00 

1.00 

16,58 

,9907 

,332? 

•,6627 

•.0107 

.0507 

•.0171 

,9907 

,3522 

•,6627 

1.0084 

,1015 

-,6956 

OftS 

10,05 

3,52 

•Joi 

,2«7ft 

• . 0866 

-.6228 

.0608 

-.1306 

•,22ftl 

,2191 

,0581 

•,3504 

,1868 

,0959 

-,2027 

H9<» 

9,99 

3.52 

6^03 

,5567 

• , 0602 

-.5935 

,0026 

-.1256 

••2167 

.5163 

,0838 

•,5203 

,4617 

,0652 

-,3769 

,H97 

9,9T 

3,50 

8-Oa 

,8707 

,0167 

-.7606 

.0992 

-.1163 

•,?26« 

,8217 

.1595 

•,6862 

,7716 

,1330 

-,5337 

%90 

9.97 

3. 50 

12,02 

,9980 

,1251 

-.7775 

,0959 

-.0992 

-.2155 

,9395 

.2635 

•,7036 

.9021 

,22al 

-,5692 

,90ft 

9.95 

3,50 

16 52 

1,1076 

,2093 

-.8626 

,0990 

0896 

•.2200 

1,0«51 

,3446 

•,789ft 

1.0081 

,2986 

-.6926 

,002 

9.93 

5,02 

•2,00 

.1617 

.,1675 

-.6623 

,1420 

-.2118 

•.5862 

,0986 

.0678 

•,2891 

,0197 

,09ai 

-,1061 

,901 

9.9? 

5,00 


,2951 

• ,1666 

-.5395 

,1051 

-.2061 

•.5009 

.2228 

.0667 

•,368ft 

,1500 

,0917 

-.1996 

, 00 ? 

9.93 

5.00 

2,05 

,66n5 

•.1565 

-,61 81 

,100 ft 

•,?010 

•,53oo 

,3620 

,074ft 

•,4467 

.2968 

,0<(66 

-,2817 

Soi 

9.92 

5,00 

6>3 

,5988 

-.1360 

•.7065 

,1061 

-.I960 

••5509 

,8123 

.0920 

•,8327 

.4527 

,0620 

-,3736 
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VEF*? 

NPR 

alpha 

Cl. 

Cto.^1 

CM 

CLN 

cfDN»n 

CMM 

CLAEPO 

COAERD 

cmaero 

CUA 

COA 

CHA 


9.P5 

5,01 

6,05 

,7790 

», 1 000 

•.7977 

.1970 

• .1909 

•,5279 

.6797 

,1222 

••6261 

,62.70 

,090<* 

• ,9703 


<».9^ 

5,00 

8,01 

.9222 

•,0S1<» 

• .8715 

,1519 

• .1856 

•»350i 

,8202 

,1678 

•.6997 

,7709 

• niT 

• ,5915 

,909 

9, Oil 

5.02 

12,05 

1,0S?0 

.OSflt 

-.8788 

.1515 

-.1657 

•,3195 

,9599 

,2695 

•.7070 

.9007 

,2218 

• ,5695 

,899 

0 , 9 a 

il.OO 

10,52 

1.1695 

,1«28 

•,9683 

,1617 

• . 1526 

•,3502 

T.0931 

,3997 

•.796S 

1,0070 

.2^59 

• ,6361 

,999 

9, Oil 

7,02 

,02 

,5011 

-.zosa 

•.5956 

,1511 

•,5516 

•,5515 

,2295 

,0591 

•,5768 

,1500 

.0383 

-,1921 

,098 

9,95 

7,01 

il,05 

.6295 

",?6l 5 

•.7515 

,1718 

•.3155 

•.5657 

,5283 

.0823 

•.8665 

,9520 

.0525 

• ,3658 

,099 

9.95 

6.08 

8,02 

.9581 

-.1727 

-.9068 

,1897 

• , 290 0 

•,5706 

,8588 

.1611 

•,7«17 

,7739 

.11T3 

• ,5362 

,90 ! 

9,95 

7,01 

12,02 

1,0957 

-,062<» 

•,91U 

.1899 

• ,2697 

•,5501 

,9517 

.2618 

•,7«69 

,9038 

• 20*8 

• ,5611 

,980 

9 , 0 a 

7,01 

lU 55 

1.2112 

.0258 

•,9999 

.2031 

• .2692 

•,5556 

1 , n598 

,3927 

•,A50u 

1,0001 

.2P30 

• ,6913 

,09? 

20. 0^ 

1,06 

•2,00 

.0672 

,0520 

•,1989 

,0571 

,0070 

•,08iJ1 

, 0672 

,0520 

•• 198U 

,0301 

,0950 

• ,1192 

,9"'. 

20,02 

1 .07 

• ,01 

.1955 

,0a95 

•.2787 

,0513 

,0068 

•,0796 

.1933 

,0995 

•,2787 

,1620 

,0926 

-,2091 

, 90 ? 

20,05 

1 .07 

2,00 

,5559 

,05fc8 

-.3638 

.0289 

,0085 

•,07?9 

,3559 

.0568 

• ,5630 

.3071 

,0983 

-.2909 

,900 

20,03 

1 ,07 

9,00 

,9960 

.0757 

• , 9605 

,0309 

.01 13 

•,082t 

,9960 

.0757 

•,«608 

,9606 

,0699 

-,3789 

,988 

20.05 

1,07 

6 00 

,6697 

.1066 

-.5557 

,0290 

.0195 

• . 0868 

,6647 

,1066 

• ,5'557 

,6357 

,0923 

-.9669 

,908 

20, Oil 

1.06 

8 01 

,7979 

.155<» 

-,6198 

,0199 

.0192 

• ,0797 

.7979 

,1559 

• ,6106 

,7775 

,136T 

• ,5901 

,988 

20,02 

1 .Oil 

12,02 

,9080 

,2550 

•,6208 

,0079 

.0505 

•,057? 

,9080 

,2550 

• ,6208 

,9001 

.2299 

• ,5636 

,901 

19,07 

1.02 

1il,5l 

1 ,0178 

,3367 

-,7093 

,0076 

,0579 

•,0660 

1,0178 

.3367 

• ,7095 

1 .0102 

,2993 

-.6933 

,90 i 

19,99 

5,5U 

,Oil 

,5066 

• ,0680 

•,5725 

,15T6 

•.1089 

•,5859 

,2959 

.0691 

•,«2iu 

,1990 

,0909 

•,1865 

,900 

19,99 

S.ao 


,600? 

-,03U7 

•.7559 

,1559 

• ,0969 

-.3795 

,5316 

.0955 

-,5073 

,99a3 

,0617 

• ,3609 

,099 

19,09 

3,51 

8,05 

.9256 

,0«73 

•.9073 

,1550 

-.0895 

•,571 6 

.8973 

.1733 

-,7079 

,7705 

,1315 

-.5358 

,980 

20,00 

5.51 

12,02 

1,0576 

,1563 

-.9295 

,199? 

-.0666 

•,3575 

.9707 

,2765 

•,7751 

.9069 

• 2228 

• ,5672 

,901 

19.07 

3.52 

19^2 

1 .1660 

.2031 

-1.0075 

.1529 

-.0595 

•.5679 

1 ,0798 

,3596 

• ,8079 

1,0159 

.2979 

•,6395 

,901 

10,07 

5,01 

• 1,98 

.2350 

-.1380 

-.6522 

,2281 

-.1771 

•,5615 

, 1 276 

,0706 

• ,5019 

,0069 

.0391 

-,0908 

,981 

10,08 

5.00 

.02 

,5679 

• , 1 3a6 

-,7307 

,2301 

• . 1 699 

■ ,5599 

.2538 

.0693 

• .9616 

,1379 

.0398 

•.1758 

,908 

10.09 

s.oi 

2,05 

.5086 

-.1220 

-.8111 

.2295 

•,1607 

•,5955 

.5876 

.0771 

•.0926 

,2791 

.0307 

•,2658 

,908 

19,97 

il.OO 

9,02 

.6691 

• , 1 006 

-.8956 

.2521 

•,1560 

•,5956 

.5358 

,0951 

• ,6260 

.9320 

,0559 

-.3520 

,981 

19,97 

5,00 

6,05 

,8355 

-.0655 

-.9896 

.2313 

-,1976 

••559?, 

,7005 

.1252 

•,7156 

,6059 

,0621 

•,9955 

,980 

19.97 

5.01 

8.02 

.9950 

-.0150 

-1.0655 

,2500 

•,1915 

•,5507 

.8529 

.1719 

• ,7990 

.7600 

.1260 

•,5396 


19,08 

a, 00 

12,05 

1,1915 

,0581 

-1 ,0896 

,2279 

•,1181 

•,5179 

,9863 

.2799 

• ,8117 

,9139 

,2162 

• ,5667 

-,?88 

10.58 

5,01 

19,59 

1 .2956 

,1882 

•1.1566 

,251 1 

-.1010 

•,5227 

1,0811 

.3578 

• .0859 

1.0125 

,2892 

•,6339 

i,7fl? 

• .10 

pyy 

• 2,01 

• .0291 

.1151 

.,0657 

,0119 

.0515 

•',0199 

• .0291 

.1151 

• ,0657 

• ,0910 

,0636 

-,0958 

i,?8:> 

• , 1 0 

.77 


.0899 

,1103 

-,1505 

,0067 

.0506 

-.0117 

,0899 

.1105 

• ,1500 

,0827 

,0597 

•.1388 

i,snn 

• .1 1 

.78 

2,00 

.2255 

,1106 

-,2515 

,0091 

.0iJ96 

• ,0107 

.2235 

.1196 

• .2015 

,2193 

,0650 

-,2906 

l,?oi 

• • \ 1 

,80 

9,01 

,5672 

,1311 

-.3735 

,0071 

.0995 

•,0251 

,5672 

,1511 

•,5733 

,3600 

,0816 

-.3502 

1,?8' 

• • 

,80 

6,05 

,5099 

,1505 

-.9957 

,0097 

.0513 

•,0525 

,5099 

,1595 

• ,9937 

.5002 

,1062 

•,9611 

’,?80 

• ,1 1 

• 80 

8,01 

,6579 

,1076 

• ,5986 

,0090 

,0537 

•.0589 

.6579 

,1976 

• ,5986 

.6209 

,1939 

•.5597 

1,199 

•• 1 1 

.77 

12,02 

,869? 

,2086 

-.7618 

• , 0003 

.0579 

•,0321 

,8692 

,2986 

• ,7610 

.8695 

,2907 

•,7297 

i,»oi 

• .1« 

5,01 

.01 

,0950 

-.032? 

-.1759 

,0185 

-.0892 

•,0369 

,0975 

,1099 

•,1759 

,0760 

,0570 

-.1396 

1,98? 

• . 08 

il.OO 

9,02 

.5918 

•,0080 

-.9185 

,0369 

• ,0868 

• , 0699 

,5896 

,1278 

•,9109 

,35«9 

,0789 

•,3991 

1 .»oi 

•.T5 

5.03 

8.02 

,6809 

,0606 

-.6607 

,0519 

• ,0810 

•,0985 

,6692 

,1970 

• ,6607 

,6290 

,1916 

•,5623 



TABLE I.- Concluded 


MArM 

VfFR 

NPR 

alpha 

CL 

C(Dmf) 

CM 

CLW 

CfON-P) 

CMN 

Cl AERO 

coaero 

ChaERO 

CLA 

CDA 

CMA 

1,197 

• • 1 6 

0.99 

12,01 

,9320 

.1670 

-.6060 

.0603 

-.0712 

•.1166 

.9058 

,3019 

•,8979 

.8717 

.2386 

-,7319 


.07 

7,01 

• 1,P9 

•,01T7 

-.1002 

-.1260 

,0365 

-.1601 

•,0«73 

• . 0067 

.1050 

•,1129 

-.0563 

,0599 

• ,0906 

*r • 

1 >0? 

,na 

6.96 


,1130 

-.1035 

-.2238 

,0030 

-,1563 

• .OftflP 

,il69 

,1001 

•.2282 

.0696 

.0548 

-.1399 

1,>0? 

,oa 

7,00 

2,0? 

,2619 

-,0<>7O 

-.3361 

,0507 

-.1579 

•,0PM 

.2586 

,1063 

•.3406 

,2112 

.0600 

-,2901 


.09 

7.00 

0,02 

,9136 

-.0797 

• .056? 

,0601 

-.1550 

•,10PP 

,a031 

.1296 

•.4627 

.5539 

,0757 

-,3969 



7.00 

6,02 

,3622 

-.0097 

-.5602 

,0697 

•,1063 

•,12h6 

,54«6 

.1539 

•,5847 

.9925 

,0966 

-.9592 

i;?oT 

.02 

7.01 

6 OO 

,7096 

-.0076 

-.70 19 

,0765 

•.1060 

•, 1 3«0 

.6898 

,1957 

•,7064 

.631 1 

.1386 

-.5639 

1 JO? 

.02 

7,02 

12,05 

,9602 

,0993 

• ,6687 

,0929 

• ,1367 

• ,15PT 

.9212 

.3006 

•.8932 

,6673 

.2360 

• ,7300 

uJoo 

.10 

9.01 


,1969 

• ,1750 

-.3103 

,0652 

• ,2309 

• • 1 Ana 

.1255 

.0966 

•,2698 

,0636 

,0559 

-.1299 

aft 

l,?00 

• «nl 

6,97 

0 OO 

,9506 

-.1070 

-,5367 

,1007 

-.2255 

•,190? 

.9106 

.1230 

•,4969 

,3999 

,0781 

-.3960 

Aft 

1,^99 

• ,06 

9,00 

6,05 

,7969 

-.0706 

-.7701 

.1217 

-.2157 

•,?ia3 

.6876 

,1935 

•,7337 

.6252 

,1410 

-,5596 

1.196 

• « 09 

9,00 

12,05 

1 ,00«5 

,0351 

-.9623 

.1391 

-,2016 

• ,23ao 

,9264 

,2969 

•.9219 

,6652 

,2367 

-.7263 

i^'99 

10,06 

.«! 

-2.00 

•,0093 

,1212 

-.1265 

,0360 

.0550 

• ,OA90 

..0093 

.1212 

•.1263 

-.0979 

.0662 

-.0369 

* f •* ' 

1.199 

10.07 

.61 

,0? 

,1139 

,1165 

-.2153 

,0326 

.0509 

•,0A0T 

.1139 

,1165 

•.2153 

.0815 

,0616 

-.1396 

1#199 

10,07 

.62 

1 90 

,2970 

,1209 

-.3132 

,0?67 

.0502 

•,0TA1 

.2470 

.1209 

•,3132 

.2163 

,0668 

-,2361 

1,1 99 

10‘,07 

,65 

0,0? 

,3903 

.1372 

-,0265 

,0280 

.0533 

• ,0?A3 

.3903 

.1372 

•,4285 

.3619 

,0839 

• ,3501 

T.199 

10,07 

;s6 

6,01 

,5321 

.1656 

-.5062 

.0260 

.0505 

• ,083A 

,5321 

,1656 

•.5462 

,5036 

.1112 

-.9629 

i'Toq 

10.09 

.66 

6,01 

,6690 

,2065 

-,6559 

,0?66 

.0580 

• ,0Afc? 

^6680 

.2065 

• .6559 

.69t« 

,1485 

-.5693 

1^i9<» 

9.90 

5,00 


,1965 

-.0108 

-,0323 

,1307 

-.0721 

•,32?P 

,1467 

,1199 

•.3354 

,0558 

.0613 

-.1101 

ijjoo 

9,97 

0,99 

9,0? 

,9919 

,0170 

-.6665 

.1031 

-.0607 

•,3«11 

.9333 

• 1999 

•,5699 

,3387 

.0821 

-.3251 

1,>00 

9.Q6 

5.0! 

6,05 

,7675 

.0906 

-.6969 

,1099 

-.0530 

•.5^32 

.7095 

,2199 

• .7995 

,6179 

,1441 

•,5936 

f • 

1 .?no 

10,00 

7.01 

-2,00 

,0995 

-.0650 

• ,3l20 

,1193 

•, 1509 

• ,2906 

,0162 

.1116 

•,2198 

-.0698 

,0655 

-,0216 

1,196 

9.97 

7.00 


,19711 

•,0877 

-,0?65 

.1315 

-.1070 

• ,3100 

.1470 

,1087 

• .3535 

,0559 

,0597 

•.1169 

1^T99 

9.97 

7,00 

a'oi 

,5331 

-.0763 

-.5035 

,1031 

-.1029 

•,32?2 

.2860 

.1163 

•,4506 

,1900 

.0645 

•.2162 


9,96 

7,00 

0.05 

,9927 

-.0571 

-.6752 

,1503 

-,1373 

• ,3«37 

,9388 

,1359 

• .5823 

,3365 

.0802 

-.3295 

T.79« 

9^97 

7.00 

6,03 

,69flP 

- .0208 

• .7909 

.1610 

-.1310 

• ,3537 

.5802 

.1663 

• ,7019 

,9799 

.1063 

-.9911 

i'l9K 

9,97 

7,01 

6;05 

,7967 

.0196 

-,9l22 

,1660 

-.1212 

• ,3617 

.7195 

.2065 

• ,8192 

,6207 

.1408 

-.5505 


9,99 

9,00 


,2129 

-. 1 566 

• .0651 

.1613 

-,2101 

•,3705 

.1961 

,1037 

•,3599 

,0515 

,0572 

•,1196 

iSoi 

9.97 

9.02 

0.02 

,5105 

-.1269 

-.7109 

,1616 

-.2026 

•.3891 

.9299 

.1266 

• ,5692 

,3327 

,0758 

•,3256 



TABLE II 


AERODYNAMIC CHARACTERISTICS FOR SERN, DRY POWER, CANARD OFF 


M*rw 

VfFR 

NPR 

*LPH4 

Cl. 

C(O*01 


Cln 

Cfnw-P) 

CMn 

Cl.ARRO 

CDiCRQ 

Chaero 

CLA 

COA 

CMA 


*00 

1.00 

-2,00 

,0373 

.0407 

• ,0094 

-,0006 

,0004 

•,0654 

.nS73 

,0407 

•,n0Qa 

,0300 

.0325 

• *0040 


• OT 

1*00 

-,01 

*1670 

*0370 

• *1535 

■*0064 

'*0006 

*0055 

.1670 

.037(1 

••1535 

,1753 

.0289 

• ,1590 

,?99 

.07 

1.00 

1,90 

.3010 

,0413 

-.2233 

• ,0075 

^0090 

.006? 

. V)10 

.0413 

•*2?33 

*3005 

.0323 

-,2295 


• 07 

! .00 

<1^00 

.^532 

,0500 

•*3f t2 

• ,0049 

,0006 

•*00?t 

,i532 

.0500 

*.3112 

,4500 

.0423 

• *3091 

,990 

*0b 

1.00 

b,0ft 

.6060 

,0663 

•,4000 

• ,0013 

,0096 

-.0121 

.6060 

.0663 

•*uooo 

,6074 

,0572 

• *3078 

.991* 

• 07 

1.00 

T,99 

.7519 

,0915 

->t97 

,0035 

.0111 

•,0256 

,7519 

.0913 

•,«7P7 

,7484 

,0802 

• ,4541 


*06 

1*00 

11,99 

.9702 

,1964 

•*6228 

,0099 

*0107 

••0500 

,9702 

.1964 

•,8?20 

,9603 

,IT77 

• ,5728 


*06 

*99 

1<I,50 

1*0342 

,2045 

•*6071 

,0008 

.0203 

•,03l 4 

7,n3u2 

.2845 

•*8871 

1.0335 

,2642 

•,6557 

#99? 

.OS 

3.tt9 

.,02 

.1927 

• .29^5 

-.2234 

,0147 

-.3210 

• ,05l 1 

,1960 

.0403 

*,2l3t 

,1700 

,02t4 

•,1724 

#<>09 

*oa 

3.51 

■ 2,00 

,0474 

• ,2902 

-.1400 

,0059 

• *3251 

••0517 

.0625 

.0439 

-.1375 

,0415 

.0260 

• *0963 

#6«5 

.03 

3.51 

t,99 

*3536 

• ,2965 

•*3094 

.0294 

• ,3244 

061 0 

,3948 

.0456 

•.2R0Q 

,3242 

.0279 

• *2484 

#*01 

.02 

3.51 

3 09 

,5090 

• ,2047 

-.3912 

,0417 

•,3222 

• ,6670 

,U891 

.0559 

• .3007 

.4601 

.0375 

•,32<^2 

#»O0 

.02 

3.50 

5,99 

,6736 

• ,2678 

•*4792 

.0550 

• ,3200 

•,0760 

.6412 

,0719 

•,a687 

,6178 

.0521 

• *4032 

#6fo 

.02 

3.«9 

7,90 

.0353 

• *2304 

•,5604 

.0721 

• ,5144 

• , 09o 1 

,7912 

.0985 

•,5501 

,7632 

.0761 

• ,4703 

#999 

*0? 

3.U9 

12.00 

1,0700 

•,1204 

-.7163 

,1053 

-,3016 

•.1260 

1 .0110 

,2060 

-.7059 

,9736 

.1732 

• ,5903 

#6"? 

.05 

3*50 

l<l,5l 

1*1713 

•,0303 

-,0024 

.1153 

-*2924 

•*1223 

1.0896 

,2976 

*,7921 

1,0560 

.2621 

•,6001 

#t>00 

io*nc 

1*01 

•2,00 

*0601 

.0410 

-,1505 

.0232 

*0065 

••0640 

.0601 

.0410 

•*1505 

,0449 

.0395 

•*0057 

#*on 

10.00 

1*02 

.,01 

,1907 

,0304 

-.2227 

,0200 

.0077 

• ,0621 

. 1 997 

.0304 

*,2227 

,1789 

,0307 

• * 1606 

#600 

9,Q9 

1.02 

2,00 

.3350 

,0442 

-.2942 

,0197 

*0009 

-.0629 

.3350 

,0442 

•,2Pa2 

.3152 

.0352 

•,2313 

#60! 


1.02 

U 01 

,4076 

.0545 

-*5046 

.0235 

,6110 

• ,O7U0 

,4076 

.0545 

• ,30^6 

,4641 

.0935 

■*3090 

#60? 

10,00 

1*02 

5,99 

,6401 

,0722 

-*4742 

,0260 

.0138 

• ,0055 

,6401 

.0722 

*,4782 

,6152 

,0505 

•,3087 

#*00 

10,00 

1.01 

§ 00 

.7079 

,1001 

-.5506 

.0311 

.0177 

•*096? 

.7079 

,1001 

• ,5506 

,7568 

.0025 

•,4544 

,io« 

10,00 

1 .01 

12,00 

*9956 

.2052 

•*6793 

,0331 

*0276 

• , 1 099 

.9956 

.2052 

• *67^3 

,9625 

,1776 

•,5694 

#99? 

10,01 

1,00 

19,50 

1.0657 

.2942 

•*7326 

.0250 

,6295 

• * 0964 

1,0657 

,2942 

• •7526 

1.0407 

.2647 

•,6562 

#*00 

to , 00 

3*51 

-2,01 

*1769 

•,2797 

•,4470 

.1275 

• *5012 

•.3515 

.1256 

,0407 

•*2845 

.0494 

.0215 

•,0963 

.AOn 

9,90 

3,52 

r®’ 

.3300 

• ,201 1 

-*5390 

,1419 

•*2992 

•■3640 

.2675 

,0475 

*,5747 

.1889 

.0181 

•,1750 

,fc00 

O,Q0 

3.51 

2,01 

.4043 

-.2609 

•.6210 

,1535 

•,2927 

•‘.3719 

,4100 

,0556 

-.4583 

,3300 

.0258 

•,2499 

#99? 

9,07 

3.51 

0,00 

.6404 

•,2533 

*,7081 

.1676 

•*2058 

•*S039 

.5545 

,0698 

• ,5439 

,4734 

,0525 

•*3242 

#*00 

^.07 

3.50 

6 00 

,0054 

•*2204 

•*7975 

.1786 

•*2774 

•*39lO 

,7005 

,0899 

• ,6340 

,6268 

.0491 

•,4055 

«99 

Q,Q« 

3*51 

« on 

.9563 

•,1909 

-.8730 

• 1920 

-*2743 

-.4065 

.8400 

,1176 

• ,7087 

,7635 

,0753 

•,4669 

999 

<>,97 

3*50 

12,02 

1 .2076 

•,0021 

•1,0204 

.2145 

•.2535 

•*4237 

1.0775 

.2260 

• •§561 

,9931 

.1714 

•*5967 

#99? 

9,97 

3.51 

10 5l 

1 .2950 

,0153 

• 1 .0995 

.2231 

•,?471 

•*4103 

7.1522 

.3179 

• ,9350 

1,0728 

.2624 

•*6812 

.i.01 

20,00 

1.03 

.2,0? 

.0716 

,04?i 

• '.1817 

,0430 

'.0100 

•*1050 

,0736 

.0421 

• ,1817 

,0306 

.0313 

-.0759 

ft,0> 

20,00 

1.04 

on 

,2149 

,0398 

-.2699 

,0459 

,0136 

•*1173 

.2149 

,0390 

•,2699 

,1609 

.0262 

-.1527 

990 

19,99 

i.na 

2,00 

.3535 

.0461 

•.3457 

,0459 

,0157 

••1215 

.3555 

.0461 

• ,3457 

,3077 

.0304 

-.2242 

#*0? 

20,00 

1 .oa 

3,99 

.5035 

,0590 

•*4374 

,0500 

*0194 

•*1360 

,5035 

,0590 

*,4374 

,4535 

.0397 

•*3014 

,^09 

20,00 

1 *oa 


.6521 

,0768 

•*5202 

.0504 

.0231 

•*1410 

.6521 

.0760 

-.5202 

,6017 

,0537 

•*3783 

,*0t 

20,00 

1,05 


,7933 

.1037 

- 5097 

,0507 

,0269 

•*1457 

.7933 

,1037 

• ,5897 

,7427 

,0760 

•,4439 

,i.o? 

20,00 

1,03 

11,99 

1,0043 

,2005 

•,7170 

,0504 

*0361 

•*1556 

1,0043 

,2085 

•,7170 

,9539 

.1724 

•*5614 

.fcO? 

20,00 

1 .03 

10.51 

1 .0773 

,2993 

•,0001 

.0467 

.0403 

•.1530 

1.0773 

.2995 

• ,8001 

1,0306 

.2591 

•,6464 



TABLE II.- Continued 


MtrH 

VKfR 

npr 

klPHk 

Cl 

CfO^Pl 

CM 




C1.AER0 

CDACRO 

cmaero 

CLA 

CDA 

CNA 

/?’2 

19.R6 

J,«9 

• 1 .90 

.?934 

•,?431 

-,7?62 

• ?a?a 

•^?605 

•p6?86 

.1794 

,0607 

•,3926 

,0910 

.OITO 

•,0076 


IR.9R 

8.9? 

,0? 

.4468 

•.2398 

•.8237 

• ?5«6 

• ,?550 

• .6080 

.3146 

,0655 

-.4879 

,1912 

.0156 

•.1756 


19.90 

3.90 

^•Oi 

.6036 

•,2230 

•.9023 

• ?6a? 

-,?071 

•.6^38 

.4962 

,0758 

-.9683 

,3394 

.0101 

•,2005 

,683 

19.09 

5,50 

a, no 

.7597 

• ,2018 

•,987? 

,?T81 

• ;,?36a 

•.66?1 

.6906 

.0018 

-.6931 

,4776 

.0306 

-.3251 

,6«1 

10,07 

3.50 

6, no 

.915? 

•.1734 

-1.0776 

• ?R1? 

•,??oo 

•,6787 

,7906 

,1101 

-.7441 

,6240 

,0510 

•.3000 

,6no 

10.07 

3.09 

9,01 

1 .0704 

•.1376 

•1.1530 

• ?R9? 

•,?1?7 

• ,6850 

.8696 

,1000 

•,B190 

,7712 

,0750 

•.0600 

,68n 

10,00 

3.90 

t?.01 

1 ,5175 

• ,0175 

•1 ,?9?6 

.5138 

• .1893 

• ,6050 

1.1236 

• ?516 

-.9590 

1,0057 

,17?0 

",5976 

,681 

10.09 

3.91 

ia,55 

l.«0?7 

,0840 

•1,3707 

.317? 

•.1770 

•.6800 

1.1965 

,3007 • 

1,0380 

1,0899 

,?610 

•.6067 

,?8? 

• .OR 

1,83 

•?,ni 

.O0?5 

,0555 

•^ 1 068 

,onia 

^0015 

•,00?3 

,0025 

.0533 

•,1068 

.0011 

,0510 

•,1005 

,9«? 

••05 

1 .03 

• ,no 

.1467 

.0465 

•,1645 

■ .niia 

^0015 

.0?06 

.1467 

,0065 

•,1949 

,1611 

,0050 

-.21^1 

,96« 

• •06 

1,0? 


.319? 

,0460 

-,2809 

•.019? 

,00?5 

.0170 

.1192 

,0090 

• ,2809 

.3384 

,0060 

•.3103 

,89? 

• .07 

1,03 

a, 00 

.4983 

,0644 

•,5841 

• .0193 

.oo?o 

,0301 

.4983 

,0600 

•.3841 

,9176 

.06?0 

•,0181 

,998 

• , 06 

1.03 

6.nt 

.6846 

,0646 

• ,500 1 

•.01?S 

.0033 

.0168 

.6849 

,0006 

-.9001 

,6977 

,0010 

•,5160 

,988 

• .09 

1.03 

9.n;» 

.8?89 

,1493 

>.6048 

.0007 

,0100 

•.0167 

.8289 

,1053 

• ,6048 

,8283 

.1303 

•,5002, 

,90? 

• io 

a, 99 

•?.oi 

.0?05 

•.1844 

•.1648 

.0171 

• .??80 

•,0561 

.0331 

,056? 

-.1647 

.0033 

.0040 

•,1008 

,995 

.06 

4.96 


.19?8 

•.1947 

-,2746 

.0?3fl 

• ^??8? 

••06?? 

,1970 

.0060 

■ ,2744 

,1670 

,0335 

•,2120 

,899 

.06 

9.01 

?,o? 

,3667 

•,1900 

•,3798 

.0?77 

• .?30l 

•,0501 

.3654 

.0530 

•,3797 

.3420 

.0001 

•,3256 

,99T 

• oa 

4.99 

a. 01 

.5969 

•.1734 

•,4861 

.039? 

• ,??60 

•,0681 

.5441 

.070? 

•,4859 

,5177 

,05?5 

•,0100 

,90u 

.09 

9.04 

6.05 

.7467 

•.1389 

>,6030 

.0a69 

•,??05 

•,07?n 

.7284 

,1035 

•,6030 

.7026 

.0056 

• ,5310 

,900 

.06 

9.00 

9.0? 

.9097 

• ,0870 

•,7056 

.o^ap 

• ^?1 18 

*.10?5 

.8761 

,1536 

-.7054 

,8408 

.1?O0 

• ,6030 

,98? 

lo^os 

1,04 

•?,00 

.0?69 

.0569 

•.1554 

.0?06 

.0035 

•,0007 

.0295 

.0569 

-.1934 

,0088 

.0530 

•,1037 

,988 

10.0? 

1,05 

• , On 

.1843 

.0463 

• '.2487 

.01?7 

^0057 

•.0100 

.1843 

,0003 

•,2487 

,1715 

.0056 

-.2163 

,8.9? 

10,0? 

1.06 

1.99 

.3473 

,0537 

•,3428 

,0070 

,0036 

•,0?07 

.3475 

,0537 

-.3428 

,5403 

,0501 

•,3l 01 

,?8rt 

10,05 

1.06 

3.99 

.9?69 

,0701 

• ,4il76 

.0070 

.000? 

•.o?o? 

.5265 

,0701 

-.4476 

,9186 

,0659 

• ,0180 

,899 

10. oa 

1.06 

6,00 

.7076 

,1003 

-.5516 

.0096 

^0061 

■,0365 

.7079 

,1003 

-.9516 

,6983 

.090? 

•,5151 

,899 

10,0a 

1.05 

7.9« 

.8946 

,1488 

•,6491 

.0?03 

.01?5 

■,06?1 

.8546 

.1066 

•.646] 

.834? 

.136? 

•,5668 

,898 

10,0a 

1.05 

8,54 

.8809 

,1637 

•,6614 

.0?07 

,0151 

•.0601 

.8809 

.1637 

• ,66l4 

,860? 

.1066 

•.5072 

^980 

9.06 

5,0? 

• 1 .98 

.1319 

•.1631 

-.4379 

.1388 

-.?000 

•, 5500 

.4685 

,07?0 

•.2644 

•.0073 

.0063 

•,0075 

,899 

0.06 

5,00 

.01 

.?9?0 

• .1656 

•,5385 

.1031 

•j,?055 

•^3000 

.2212 

,0660 

• ,3687 

,1489 

,0308 

•,1030 

,99? 

0,06 

5.0? 

?.81 

.4693 

•.1560 

•.6392 

.1050 

• .?010 

•,3361 

.3860 

.0716 

•,4697 

,320? 

.oo?o 

• .3020 

,981 

9,06 

5.01 

4.01 

,6481 

■ . 1 368 

-.7365 

.1058 

-.1071 

•,3?80 

.5594 

,0805 

•.9643 

,800? 

.0603 

• ,0076 

^980 

o.oo 

5.00 

6,01 

.8361 

•.1041 

•,8372 

.1069 

•;,iot? 

•.1?68 

.7417 

,1101 

• . 869 1 

,687? 

,0071 

• ,5100 

,981 

0.06 

9.01 

7,10 

,9?08 

• ,0775 

•,8890 

.150? 

• .I860 

•,1101 

.8223 

.1035 

-.7172 

.7667 

,1000 

• ,5500 

^981 

?0.01 

1.06 

•?.03 

.0?69 

,0583 

>,1714 

.03?6 

.005? 

•,0766 

.0295 

.0583 

-.1714 

•,0031 

,0531 

• ,0900 

,98? 

30^05 

l.OT 

• .00 

,1885 

,0511 

•^2786 

.0?QO 

,0050 

•.0718 

.1883 

,0511 

•,2786 

,1588 

.005? 

• ,2060 

, 98 ? 

?OpO? 

1,07 

1.98 

,3589 

,0560 

•,3850 

.n?8l 

,0076 

•.071? 

.3589 

.0560 

-.3890 

.3308 

,0000 

•.3130 

J?83 

?o.o? 

1 .07 

3,99 

,5374 

,0733 

•,4877 

.0?85 

.0003 

•,0750 

.9374 

,0733 

-,4877 

,5090 

,0600 

• .0110 

J?8! 

?0,0? 

1.07 

6,00 

.7?07 

.103? 

-.5617 

.0?83 

.0110 

•, 0800 

.7207 

.103? 

• ,5617 

,69?4 

,0010 

• ,5117 

,ofln 

?0,0? 

1,07 

8.00 

,86?? 

,151? 

-.6775 

.0336 

,0171 

•,0007 

.8622 

.151? 

• ,6779 

,8287 

.1301 

•,5020 

.oOft 

19,00 

5.04 

• 1.97 

.?043 

•,1333 

-.6238 

.???5 

• ,1808 

•,55?1 

.0998 

,0771 

• ,3506 

•,0182 

,0075 

• ,0717 


TABLE II 


Concluded 


math 

VFEP 

NPR 

alpha 

CL 

CfD.Pl 

rw 

CLN 

, 90 n 

1P.Q9 

S.OO 

.Oil 

.3658 

-.1326 

•,7?98 

,2255 

9 • 

l9,Q(i 

s’. 00 

2.0? 

,5308 

•.1229 

• ,8315 

,2269 

,9ni 

IP.QS 

s.oo 

a. 01 

,71 ?U 

•,1017 

-.9296 

,2502 

9^? 

19.9a 

S.02 

6^01 

,P0?8 

• .0685 

•1^0303 

,2306 

1 Son 

-.07 


-2 , 00 

.,0650 

.1226 

•^0192 

,0000 


-.nu 

.’5 

-,0O 

.07?? 

.1106 

-,13a? 

,0018 

i.^oT 

• . 09 


?,o;? 

.?2i<» 

.1158 

•.2598 

,0027 

i‘ iop 

• .? 1 

.78 

a 01 

,3706 

,1298 

•.3865 

.0035 


^ , OQ 

.78 

6.00 

,5167 

,1562 

• ,.5l30 

,0023 


-.11 

.78 

B.Op 

,671 a 

.1<>52 

■ ^ 6il?5 

,0037 

1 SoT 

.0? 

T.Ol 

• 1 .99 

>,oaoa 

• .0906 

•.0966 

,0516 

i" >oT 

.na 

7.01 


.1060 

•.1026 

•,?179 

.0585 

1,^99 

.03 

7,00 

?,02 

,2651 

• .1000 

•.3a53 

.006? 

l,»9? 

.0? 

6.00 

a 01 

,«252 

• ,0858 

•.U807 

,0551 

1 , 1 99 

• .01 

7,00 

6.03 

,58fc6 

-.0539 

•,6l79 

,0657 

1,198 

• .0? 

7.00 

0.03 

,7505 

-.0121 

• ^ 7860 

,0765 

1,’9? 

10,06 

.82 

-?Sn 

•«03o5 

,1235 

•.096a 

.0562 

1 J>0n 

10,00 

,81 


.1056 

.1167 

•,?oaT 

,0326 

l,i99 

10,00 

.82 

?,02 

.2076 

,1180 

•.3175 

,0297 

Ui99 

9,9? 

.85 

a,o? 

,1998 

,1325 

•,au?o 

,0276 

t#i99 

9,90 

.86 

6 01 

,5079 

.1596 

• .5^,80 

,0?65 

1 .^0ft 

9.09 

.87 

8 01 

,6955 

,1H86 

• . 693? 

,0269 


10.0? 

6,08 

• 2,00 

.0286 

•,081? 

•,2903 

.1226 

iSnn 

10,0? 

7,00 


, 1 780 

•.0850 

.,a??5 

.1557 

i ^>rn 

10,03 

7.01 

2.01 

.3395 

-.0790 

-,5612 

,1099 

i .5ni 

9.09 

7.02 

9,0? 

.5025 

-.0599 

•.7oia 

.1606 

1.V99 

9,97 

6.P0 

6.03 

,6616 

-.0282 

•,83Sa 

,1678 


crnKJ-p) 

CUN 

CL*6R0 

COAERO 

CMaFRO 

CLA 

CDA 

CHA 

•.17?1 

•.5Ufch 

,?090 

,071b 

• (460? 

• 13ft? 

,0355 

•,183? 

•,1663 

•,5390 

.0097 

.0767 

••96?4 

• 3059 

,0030 

-.2921 

-.1601 

•,5379 

,5805 

,0935 

•»6607 

,4823 

,0580 

-.3917 

-.1536 

•,53?5 

,7673 

,1231 

•.759ft 

• 67?? 

,0851 

•,4979 

.05a«9 

•.0053 

• ,0650 

.1226 

•,0l9^ 

•.0694 

.0601 

-.0159 

,05U2 

■,flO?1 

,07?2 

,110b 

-•134? 

,0704 

,0600 

• ,13?l 

,082ft 

• ,0078 

,?215 

.1158 

••?59ft 

• ?19? 

.0630 

• p25?0 

.0525 

•,0150 

.3706 

.1258 

• •3865 

,3671 

,0772 

• .3731 

.0539 

•,«168 

.5197 

.1562 

• ,51 30 

• 5174 

,1023 

• ,4961 

,0556 

-.0250 

,6710 

,195? 

• •64?5 

,6677 

,1396 

• ;i6lTl 

-,l5a3 

•.0757 

-.0290 

,1100 

• ,ion 

•,07?0 

,0597 

•,0269 

•,1536 

•,0801 

,1102 

.1025 

-.2??4 

,0679 

,0510 

• ,157ft 

•,1505 

•,0867 

.2597 

,1056 

• ,349« 

,?170 

,0505 

•,?5ft6 

•,iaft7 

■,0970 

.0107 

.1218 

••485? 

.3701 

,0455 

•,3ft33 

•,ia60 

•,1 l?fl 

,5689 

,1505 

••62?4 

,5?09 

,0920 

•,5055 

-,ia3i 

-,1?88 

.7250 

.1921 

• ,7605 

,673ft 

,1311 

•,6?71 

.05a7 

•,0859 

i,o303 

,1233 

-,0964 

• ,0665 

,0607 

-,0104 

,05a9 

•,0790 

.1056 

,1167 

•t?047 

.0750 

.0617 

•,l?53 

.0538 

•.0705 

,2079 

,1180 

••3175 

• ?tft? 

,0606 

•,?431 

.0535 

•,07?6 

,3558 

.1325 

•,44?0 

.3722 

,0790 

-,3694 

,0547 

•.0750 

.5075 

,1556 

•,5680 

• 5?15 

.1009 

•,49?6 

,0565 

•,0820 

,6535 

.1586 

••691? 

.6666 

,1021 

•,610ft 

• .I486 

•,5005 

•.oooe 

.1158 

-,1074 

-.0957 

,0670 

.0100 

-.1443 

•,5197 

,138? 

,1105 

••3?99 

.0427 

,0593 

• , 1 02ft 

• ,1594 

•.5017 

,?5?0 

.1150 

-,4685 

.1896 

,0603 

-,2195 

-,1333 

•,5580 

,0085 

.1327 

• ,6090 

.5417 

,0750 

•,3434 

• .1259 

*,5668 

.6010 

.1622 

• ,7iJ?6 

.493ft 

,0977 

•,4666 



TABLE III.- AERODYNAMIC CHARACTERISTICS FOR SERN, A/B POWER, CANARD ON 


MirH 

VEFR 

WPR 


CL 

cin.ri 

CM 

CLN 

C(nw«n 

Cmm 

Cl AERO 

COAERO 

CMaERO 

CLA 

CDA 

CMA 


,fl0 

,PR 

•g.OO 

.ftilTO 

.0395 

•,0765 

*•0062 

,0196 

,0243 

,0970 

.038$ 

-.0765 

.0552 

,0253 

• ,1010 

,?99 

.5’ 


,00 

,15S7 

,0369 

-.1330 

• ,0007 

.0192 

.0241 

,1557 

.0368 

■.1530 

,1644 

.0226 

•,1S91 

,6"’ 

,10 

,99 

2,0? 

.2766 

,0413 

• .1971 

• ,0079 

,0190 

.0215 

.2796 

,0415 

•,1971 

,28?5 

.0275 

-,2186 

,«|O0 

.«o 

.99 

«,0? 

.4066 

.0524 

-.2697 

•,0066 

.0136 

.0144 

,U058 

.0524 

-.2697 

.4124 

,0388 

-,2860 

,600 

.10 

,99 

6,02 

.5516 

.6699 

• ,555<1 

• ,0079 

.0138 

.014? 

.5319 

.043$ 

-.5559 

,5333 

,0561 

-,1996 

,60ft 


,99 

7;9q 

.6970 

.0967 

-.3988 

•,0072 

,0150 

,0134 

.6570 

,0367 

-,3988 

,6642 

.0817 

-.9123 

,599 

,10 

,99 

12,01 

.9763 

,1966 

-.5556 

• ,0019 

.0182 

-.0037 

,8765 

.1866 

•.5536 

,8785 

.1683 

-.5279 

,99? 

• 10 

.99 

10,52 


,2620 

-.6255 

,0091 

,0226 

-.0241 

.9889 

,2420 

••9235 

.3848 

,2334 

•,5972 

,<>0! 

.It 

2,05 


.f6?6 

•,1999 

-.1651 

• ,0060 

•,2239 

,0046 

,1812 

,0365 

•.1905 

,1673 

.0235 

• ,1711 

,60! 

,oB 

2.00 

0,05 

.4)04 

-.1796. 

-.3001 

,0109 

• .2203 

,0067 

.<1559 

.0527 

-.5285 

,41Q5 

,0407 

•,3008 

,600 

• OT 

2.01 

8,00 

.7100 

-.1354 

-.Uil76 

,0599 

•.2197 

-.0147 

.6967 

.1005 

•,9759 

,6754 

,0843 

-.9289 

,596 

.06 

2,01 

12,02 

.959B 

-.0407 

-,5918 

,0590 

-,2156 

-.644(1 

.9259 

.1350 

-.6198 

,8348 

,1728 

-.5978 

,59* 

,06 

2,01 

10,51 

1.0731 

,0373 

-.6808 

,0760 

•,2059 

-.0636 

1 .0551 

.2708 

•,7090 

,3370 

,2432 

•,6158 


.07 

5, SO 

•2.00 

.0701 

-.9179 

-.1778 

,0119 

-.5395 

-.6497 

.0959 

,0340 

-.1605 

.0663 

,0215 

•,1280 


.07 

5, SI 


,.20«7 

-.5134 

-.2588 

,0303 

-,5539 

-.0534 

.2099 

.0336 

•.2216 

.1784 

,0205 

-.1850 

.599 

,06 

5, SO 

2,02 

,347a 

-.5092 

5050 

,0987 

-,5359 

-.0344 

,5291 

,0333 

•,2860 

,2388 

,0262 

-,2969 

.601 

.OS 

5,50 

0,02 

.4967 

-.4935 

-,57S6 

,0675 

-.5509 

-.0614 

,/j595 

,0524 

-,5585 

.4232 

,0377 

-,3138 

,600 

.OS 

5.50 

6,02 

.6433 

-.4720 

• ,<iU70 

,0869 

-.5276 

-.0441 

.5859 

.0713 

•,9299 

,5583 

,0557 

-.3789 

,599 

.OS 

5.50 

a , 01 

,79ao 

-.4432 

-,S229 

,1078 

-.5252 

-.0867 

,7199 

.1001 

-.5059 

,4870 

.0820 

*.9922 

,9’5 

.0« 

5. SO 

12,02 

1,0591 

-.3434 

-,6700 

,1525 

•,515! 

-.1049 

,9903 

,1351 

-.6529 

,3048 

,1717 

-.5631 

,601 

.00 

5.50 

10,52 

1,1906 

-.2569 

-.7596 

,1807 

• ,5006 

-.1287 

1 ,ft996 

.2716 

-.7925 

1,0093 

,2437 

• ^6308 

,«>01 

.0? 

5,02 


.1526 

-.9442 

•,0815 

• ,0559 

• ,8605 

,1233 

.2050 

.0132 

•,1990 

,1874 

,0161 

• ,2096 

.59? 

• ^01 

5,00 

0,05 

.4659 

-.9355 

..2!95 

,0259 

•,8695 

.1143 

.«561 

,0372 

-.1529 

.4406 

.0340 

• ,3190 

.600 

• ,0? 

5,01 

8,05 

.7903 

-.7791 

•.5677 

,0870 

•,8578 

,094B 

,7209 

.0846 

•,9801 

.7033 

,0736 

-,9691 

.6"! 

• ,00 

S.Ol 

12,01 

1.0767 

-.6764 

-,5112 

,lS9a 

-.8956 

.0489 

,9911 

,1767 

•.6237 

,3143 

,1632 

• ,5801 

.600 

OR 

5,01 

10,52 

1.2225 

-.5954 

-,6068 

,1995 

•'.8561 

.0434 

1.0555 

.2566 

-.7192 

1,0232 

,2427 

-.6529 

,599 

10,60 

1,00 

• 1,90 

.0999 

.0391 

-.IU50 

,0163 

,0126 

-,03J0 

.0899 

.0331 

-,1950 

.0734 

.0265 

-.1121 

.600 

10,60 

1 ,00 

,09 

.1990 

,0399 

-,1969 

,0125 

.0159 

-,0?77 

,1950 

,0383 

•,1969 

.1825 

,0255 

• , 1691 

.600 

10,60 

1,00 

2,11 

,3146 

,6459 

-,2605 

.0110 

,0192 

-,0243 

,5196 

,0458 

-.2605 

.3034 

,0315 

• ,2322 

,k0? 

10,61 

1,00 

0,10 

.4430 

,0595 

•,55tt9 

.0192 

,0153 

-.0343 

,«950 

,0585 

•,5599 

.4308 

,0432 

• ,2963 

.600 

10.60 

1,00 

6;ii 

.5739 

,0773 

-,<i037 

,0158 

.0167 

-.0447 

,5759 

,0773 

• ,9037. 

.5581 

,0606 

-,3590 


10.60 

1,00 

a;t2 

,7oaa 

.1064 

-.9752 

,0169 

'.0187 

-.0511 

,7049 

.1064 

• .,9752 

,6875 

,0877 

-,9291 

,59? 

10, IS 

1,00 

12,12 

,9169 

,2002 

- .6030 

,0199 

.02U9 

-.0439 

,9168 

,2002 

•,6050 

,8370 

.1758 

-.5371 

,60ft 

10, la 

1,00 

10,59 

1,6226 

.2756 

-.6898 

.0292 

,0281 

-,04j 3 

1 .0226 

.2756 

-,6890 

,3344 

,2475 

•,6035 

,601. 

lo.ia 

2,0a 


.2799 

-.1959 

-.3959 

,0869 

•.2110 

-.2113 

.2599 

.0483 

•,5282 

,1320 

.0251 

-,1821 

,<.0? 

10, ia 

2,02 

0 12 

,5465 

-.1562 

-.5552 

,1050 

• ,1999 

-.2225 

,5120 

.0715 

-.9701 

,4434 

,0436 

• ,1l07 

,999 

10. f? 

2.00 

a, 12 

.9240 

-.0997 

-,6855 

,1229 

•,1905 

-.2443 

.779! 

,125ft 

-,62M 

.7011 

,0306 

-.9390 

,605 

10.11 

2,02 

12,12 

1 .0603 

.0041 

-.8?89 

.1955 

•,1775 

-.2733 

,999? 

.2243 

•,7656 

.3150 

.1814 

• .5535 

;tox 

1 0 . i 2 

2.02 

10,65 

1.1701 

,0903 

-.9182 

,1602 

-',1679 

-.2043 

1.1021 

,3050 

-.8596 

1,0173 

,2545 

-,6?19 

• 599 

R,fl7 

3.52 

• 1.88 

.2455 

-.4994 

.^5512 

,1562 

-.5256 

-.3041 

.1719 

.0403 

•.5109 

,0895 

.0252 

-,1171 


TABLE III.- Continued 


MArW 

VEFR 

NPR 

alpha 

Cl. 

CfD-n C“ 

CLH 

CfnN»F) 

CMN 

Cl *E«0 

COAERO 

cmafro 

CL* 

COA 

CMA 


9.R7 

3^52 


,^69? 

•.0890 *,5603 

.ITl? 

•.5192 

•.3<»17 

,?77l 

,0925 

-.565? 

,1680 

,0252 

• • 1 926 

/ V ** 

,599 

I0.il 

3.51 

2 13 


•,0773 •,6709 

,195a 

•.5093 

-.0136 

,0088 

.0539 

-.0505 

.3206 

.0320 

•,2570 

,599 

to.i? 

3.51 

a;i3 

,6«iaT 

•.0576 ^,7021 

,2128 

•^5028 

-.0161 

,5306 

,0699 

-.5216 

,0522 

,0452 

-.3229 

,399 

10. Ta 

5.52 

6^13 

,«tta 

-.0513 -.«17« 

,23ia 

•.9998 

-.0360 

.6628 

.0925 

-.5666 

.5800 

,0635 

-,3873 


10. i? 

3^52 

6,12 

.<»6<16 

•.1910 •,8970 

,2sn 

•^9828 

•.««52 

.7685 

,1298 

-.6771 

.7133 

,0614 

•,9593 

#599 

to, it 

3'51 

12,13 

1 ,22io 

•,2«00 -1.0000 

,?92^ 

•^9619 


1,0186 

.2253 

-.8230 

,6287 

,1810 

-,5718 


lQ.ii 

3.52 

ia hi 


-.1861 •1.1383 

.S205 

•,9939 

-.0676 

1.1300 

,3071 

-.6175 

1.0376 

,2553 

•,6907 

.ftOft 

10,1? 

5.02 

,12 

,9257 

-.8067 -.6803 

,221 1 

-.8299 

-.0816 

,3007 

,0312 

-.0211 

,2005 

,0227 

• ,2028 


10,06 

5.02 

a, 13 

.7250 

•,7713 -,8183 

,27ai 

•.8131 

-,0871 

.5085 

,0573 

-,5508 

,6556 

,0418 

-,3312 

#59? 

10,06 

5.02 

6 13 

1 .052? 

•,7020 -.9752 

,3^33 

-.7911 

-.5108 

.8106 

,1152 

-.7111 

,7186 

,0887 

• ,9699 


10.08 

S.Ol 

12 ia 

1 ,5317 

-.5750 •1,1235 

,592a 

-.7555 

-.5365 

1 ,0002 

.2155 

-.861? 

.6388 

,1805 

• ,5690 

#598 

10.01 

5,00 

la 641 

l.««?2 

-.0830 -ilatst 

,9338 

•^7390 

-.5636 

1.1506 

,2989 

-.9536 

1,0066 

.2557 

-.8592 

-feon 

?0,03 

1 .00 

.1,91 

,10?6 

,0026 -.1692 

.0252 

.0197 

-.656? 

.1026 

,0928 

-.166? 

.0775 

,0276 

• ,U30 

/ w - 
#6^1 

20.0^1 

1.00 


.2102 

,0020 -,2229 

,0219 

^0158 

".0513 

,2102 

.0929 

-,2?26 

,1883 

,0268 

• ,1715 

f ^ 

#801 

20,041 

.99 

2,12 

.3203 

.0093 -.2821 

,0193 

.0185 

-,0088 

.328! 

,0993 

-.2821 

.3061 

,0328 

-,2333 

# VJ w 
#801 

20,041 

1.00 

a;il 

,a5«3 

.0650 -,5575 

,0227 

^0189 

-,0603 

.0583 

,0830 

-.3575 

,4356 

,0446 

-,2972 

/V w. 

#801 

?0,04i 

1 .00 

8;ii 

,5«a5 

,0823 -,0?66 

,02aa 

,0203 

• ,0676 

,5805 

,0823 

-,0?66 

.S601 

,0621 

•,3595 

f j - 
# 80 1 

20.0"i 

r.oo 

6,12 

,722? 

.1130 -,5020 

,0281 

,0230 

-.0700 

.7222 

,1130 

• ,5020 

.6660 

,0866 

• ,9278 

r " 

#596 

20,044 

l^OO 

12, n 

.9269 

,2050 -,6211 

,0270 

,0285 

-,0801 

.6266 

.2050 

-.621 1 

,8668 

,1T65 

• .5370 

^5-98 

20,03 

1.00 

la 8? 

1.035? 

,2818 -.7037 

,031 1 

.0327 

-.0665 

1.0352 

.2818 

-.7037 

1 ,0001 

,2061 

• ,8092 

#801 

20.0S 

2.01 


,3736 

•.1536 -.5993 

,169a 

•,1797 

*.01?3 

.3158 

.0838 

-.0520 

,2001 

.0262 

•,1669 

#801 

20,02 

2.02 

f 

a, 10 

,6361 

•,12l6 ■,7010 

,1852 

-.1882 

-.0270 

,5628 

,0921 

-.5626 

,0506 

,0466 

•,3l38 

r V 

,k00 

20,02 

2.02 

6 la 

.9150 

-.0587 -.8983 

,2018 

-.1525 

•,052a 

,8266 

,1500 

-.7067 

,7130 

,0657 

•,9959 

#599 

20,02 

2,01 

12,13 

1.1096 

,0501 -1,0035 

,2200 

•.1333 

•.0813 

1,0068 

.2531 

-.6600 

,9268 

,1830 

•,5822 

/801 

20,03 

2.02 

la 62 

1 .2600 

,1359 -1,1252 

,2312 

• ',1192 

•,0666 

1.1085 

,3332 

-.6765 

1 ,0287 

,2550 

-,8258 


20,01 

3.52 

.1,66 

,ao(i5 

-.0096 -.8808 

,2993 

-.9738 

•,7350 

,?302 

,0571 

-.0606 

,1012 

.0202 

•f 1959 

^80? 

IR.9R 

3.51 


,5269 

-.0565 -,9031 

,3151 

-.9813 

-.7365 

,30 35 

,0822 

-.5288 

,2118 

.0207 

•,2038 

^800 

20,00 

3.51 

2^11 

.6655 

-.0208 -1,0109 

,3325 

•.9S27 

-.7076 

,0601 

.0739 

-.5685 

,3330 

,0316 

•,2870 

f ^ - 

#801 

1^,87 

3.51 

tt.12 

.8095 

•,3900 -1.0877 

,3u9a 

•,9398 

-.7566 

.5606 

,0930 

-.6710 

,4601 

,0053 

•,3311 

r " 

19.Q4I 

3.52 

8,12 

.9556 

-,361? •1,1620 

,3693 

-.9289 

•.7601 

.7200 

,1182 

-.7057 

.5912 

.0652 

•,3983 

^999 

1R.Q3 

3.51 

6;i4i 

1,1 106 

-.3200 .1 .2098 

,3893 

•,9135 

-,7819 

,8568 

,1532 

-,8308 

.7263 

.0631 

•.9879 

#80^ 

19,86 

3.52 

12,13 

1 ,3610 

-.1920 -1,3925 

,9198 

•.3796 

•,8086 

1.0776 

.2579 

-.6780 

.9464 

,1«27 

•,5890 

, V *- 
#801 

10,89 

3.5? 

ia,6a 

1 .aosfe 

-.0958 -1,0891 

,9579 

•^5595 

-.83?6 

1,1612 

,3938 

-1.0723 

1 ,0577 

,2587 

-,6585 

r 'i' 

#*?96 

20,00 

5.02 

,15 

,7066 

-.7118 -1.3355 

,9918 

•^7283 

•1.05?? 

.3666 

,0803 

-.6726 

,2650 

.0165 

•.3039 

#59^ 

20,00 

41.71 

a, 12 

.9737 

-.5966 -1.0166 

,9785 

-.6380 

•1,0175 

.6365 

,1191 

-.8005 

,6673 

,0014 

-.3990 

9^1 

#800 

20,00 

a. 50 

8,ia 

1.2537 

-.0719 .1 .5231 

,5027 

-;583« 

•1 .0066 

.8602 

,1798 

-.6064 

,T510 

,0916 

-.5185 

r V 

#996 

20,00 

a. 33 

12,18 

1 ,5oa« 

-.3121 -1,6377 

.5281 

•,9989 

-1 .0076 

1,1200 

,2809 

•1,0866 

,9767 

.1648 

•,6301 

#801 

20,01 

tt.16 

la bu 

1,6117 

-,1802 -1.6850 

,5329 

• ',9998 

-.6603 

1.2235 

,3838 

•1,1616 

1.0763 

,2606 

•,8911 

9 V 

,«98 

• ,oa 

1.01 

^3 

,1809 

,0085 -,2070 

• , 0038 

.0058 

,0160 

.1806 

,0985 

-.2070 

,1804 

.0026 

-,2239 

-fl99 

• , 06 

1.01 

o 

t • 

9M 

■ 

.0520 

.0510 -.1252 

• , 0007 

,0058 

,0111 

.0520 

,0519 

-,1252 

,0527 

,0456 

-.1382 



TABLE III.- Continued 


MipH 

vefr 

NPR 

alpha 

CL 

C(D»F 1 

CH 

CLN 

CfON.F) 

cmn 

Cl AERO 

CDACRO 

CMtERO 

CLO 

CDA 

Cma 



1,01 

• , 00 

.1782 

,0985 

-.2051 

•*0038 

.0060 

.0172 

.1782 

,0483 

•. 20?1 

,1820 

,0020 

-,2a?3 

p9«l 

• , 0^1 

1,01 

2.01 

.5206 

,0555 

•^2908 

-.0075 

. 005 a 


.5206 

,0553 

•.2608 

,5280 

,0099 

•.3129 

9 tM 

• .08 

1,02 

a 08 

,07^0 

.0715 

-.5787 

• *0085 

^00a9 

. 021 ? 

,4760 

.0715 

*,5787 

,08(15 

,0666 

-.4005 

p99? 

• .06 

t.os 

6,02 

.6505 

,1006 

•lassa 

-.onSa 

.OOab 

.0116 

,6505 

,1006 

• ,(185(1 

,6559 

,0960 

-.4953 


■ .06 

1,02 

8 01 

.7915 

.1982 

-,57a9 

• *0011 

.0090 

•.0052 

.7933 

,1482 

• ,57(19 

.79(15 

,1591 

• ,5717 

,896 

• ,07 

1,00 

12,02 

,9280 

.2512 

•,6ia2 

,0019 

.0218 

•.0175 

.9288 

.2512 

• ,61((2 

,9270 

,2290 

• ,5969 

,89? 

• .06 

.•»« 

ta;5t 

1 .0558 

.5512 

-.69a8 

•,0008 

.0299 

• .01 Qft 

1 ,0338 

,3312 

• ,69(18 

1.0506 

.3013 

-.6758 

,901 


5.51 

,02 

,1921 

-,1989 

•.2a56 

,0152 

-,239a 

•.0225 

,1901 

,0451 

•,2580 

.1769 

,0005 

.,2232 

,»96 

• .08 

5,51 

a 02 

,5079 

-.1765 

-;.a2i7 

,0290 

•.2392 

• .0262 

,4889 

.0680 

•,0100 

,0789 

,0628 

•,3955 

,696 

• .To 

5,50 

8 oa 

.6028 

•,0952 

• ,61 35 

,0501 

-.2317 

• .0«?7 

.8067 

,1469 

•,6056 

,7927 

.1565 

-,5646 

,90? 

• .17 

3.52 

12,0^ 

.9870 

,0087 

• .6567 

,0668 

-.2175 

•,0620 

,9341 

,2478 

• ,6088 

.92n? 

,2262 

-.5947 

,900 


5,5! 

la^So 

1.0996 

,0888 

-.7aai 

,0799 

-.2079 

• ,0760 

1 ,0366 

.3250 

•.7560 

1 ,0198 

,2968 

• ,6643 

;9fto 

■•11 

5.01 

• 1,99 

,0252 

•,5976 

• .0P99 

•,0277 

-.3880 

.0655 

.0613 

,0351 

•,1598 

,0529 

,0000 

-,1552 

,899 

• .12 

5,01 

>2 

,1719 

•.5559 

.^I7a6 

-,0173 

-.3908 

,0660 

.1946 

.0317 

• ,2209 

,1891 

,0569 

•,2406 

,699 

•^.11 

5.02 

2,02 

.5276 

•.5985 

• ,2606 

-,ooa 2 

-.3908 

,0617 

,3370 

,0305 

•.Sill 

.5518 

,0020 

• .3223 

,901 

• • 1 1 

5.01 

a , 03 

,5005 

•.5276 

• p 3600 

,009a 

-^3882 

,05(17 

,4960 

.0565 

•,0069 

,0909 

,0605 

.,4148 

,69? 

..12 

5,02 

6,0t 

,69i tl 

• ,2998 

• .abas 

,0231 

-.3902 

,0ii7(I 

.6738 

.0871 

•,5l5« 

,6685 

,0600 

•,5123 

,900 

-.12 

5.02 

8,02 

.6900 

•.2988 

-^55ia 

,0a32 

•.3831 

,02(11 

,8094 

,1357 

■,6018 

,7972 

,1305 

•^5755 

,696 

• .141 

5 ’. 01 

12,02 

1,0065 

• ,1951 

•^6065 

.0750 

-.3703 

,oojo 

,0484 

.2374 

*,6567 

,9315 

.2252 

-,6075 

,699 

•.1^ 

5.00 

ia:52 

1,1269 

• . 0608 

-.6971 

,0939 

-.3585 

•.0156 

1.0540 

.3169 

•.7069 

l.OSoO 

,2678 

• ,6815 

,901 

• .08 

T.05 


.2187 

•,5992 

• ,2806 

.0583 

• ,5761 

• ,0(166 

,2167 

.0284 

■,2806 

,1800 

.0316 

•,2307 

,698 


?,0l 

a , 05 

.5629 

•,5198 

•,abl7 

,0767 

-.5739 

• , 057(1 

.5202 

,0537 

■,0661 

,0877 

,0501 

•.4043 

,901 

•*i 1 

6,98 

8,03 

,9152 

• ,92n 

•.6521 

.1152 

-,55a2 

• .osjo 

.8325 

.1348 

•,6571 

,7980 

,1271 

• .5705 

,696 

•pi^ 

6,99 

12,08 

1 ,0966 

•,5207 

•^7130 

,1620 

-,5a68 

• ,1070 

.9758 

.2587 

•.7179 

,6506 

.2262 

•,6052 

, 90 " 

-.1^ 

7.05 

ia;52 

i,2298 

..2552 

•.8104 

,1918 

• ^531 0 

•,15?2 

1.0845 

.3189 

•.8100 

1,0580 

,2658 

• ,6782 


<),oo 

1.05 

.1,88 

.0697 

.0525 

-.1732 

,0180 

.0060 

•.0570 

.0697 

,0523 

•,1752 

.0517 

,0061 

•,1362 

,900 

9.40 

1.05 


.1991 

,05ns 

•,2a99 

.0130 

,0061 

• .0265 

.1941 

,0503 

•,2099 

.1812 

,0002 

-.2234 



1.05 

2,11 

,5567 

,0579 

-.3290 

,0075 

.0063 

•.0166 

.3367 

.0574 

■,5290 

.3292 

.0511 

-,3121 

,900 

9.91 

1.05 

a 12 

.99(16 

,0799 

•,ai8t 

,0oa7 

,0059 

•.0156 

,4946 

.0740 

•,0181 

,0899 

,0660 

•,4042 

;s98 

9.92 

l.oa 

6,10 

,6678 

,1096 

..5177 

,0075 

J.0071 

• . 025(1 

.6678 

.1046 

•.5177 

.6605 

,0675 

-.4942 

,898 


1 .oa 

8,10 

.812? 

.1557 

-.6069 

,0098 

,010a 

-.0552 

.8125 

,1537 

•,6060 

,8026 

,1<I32 

•.5733 

^898 

9.9^ 

1.01 

12,H 

,9918 

.2572 

■,6322 

,0061 

.0217 

•.0151 

,0418 

.2572 

•.652? 

,9356 

.2555 

.,5991 


9.92 

.99 

la ,61 

1,0556 

,5562 

-.7025 

,0030 

.0296 

• .05(16 

1 ,0356 

.3362 

•.7025 

1,0326 

,3066 

-,6676 

^90? 

9.87 

5,55 


,2806 

• .1857 

-'.asab 

,1057 

• .2275 

•.2502 

,2394 

.0540 

■•5565 

,1750 

.0058 

•,2165 

,808 

9.87 

5,51 

a, 13 

.599? 

• .1515 

-.6325 

.1163 

-.2189 

•,2000 

.5373 

.0811 

•,5555 

,0782 

,0676 

-.3925 

^699 

9.87 

5.55 

8,15 

,9276 

• .0699 

•^8169 

,1519 

-.2108 

•.25(16 

.8533 

.1612 

•,7180 

,7957 

,1410 

•,5619 

,898 

9.87 

5,52 

12, IS 

1,0775 

,0599 

-.8550 

,ia3o 

-.I9ai 

•.2507 

.9872 

.2646 

•,7560 

,9505 

.2555 

• ^5963 

,892 

9,87 

5,52 

ia,63 

t ,18?1 

.1225 

•.9318 

,1515 

-.1824 

•^2600 

1,0850 

,3438 

•.8551 

1,0558 

,5050 

• ,6638 

J90! 

9. a? 

5,05 

• 1 ,8b 

,1619 

• .5521 

-.ai39 

,1186 

-.3751 

• .276? 

.1211 

.0422 

•,2970 

,0055 

,0026 

-.1348 


9. an 

5.05 

Ui 

,5068 

", 551 0 

-.5052 

.1528 

-.3710 

• ,2««6 

.2550 

,0423 

•,5880 

,17(10 

.0001 

-,2l64 


TABLE III.- Continued 


M*rH 

VE 8 <» 

KJPR 

alpha 

CL 

C(D»F1 

CM 

Cln 

C(OKj«n 

CMN 

Cl AF«0 

CDAE90 

CmaERO 

CL* 

CD* 

CMA 

#e98 

10. AS 

5,02 

2 .H 

,«77T 

• .3159 

•^ft3fta 

• 1605 

-,36?3 

•,5552 

.aioft 

.0555 

-,5150 

,3172 

,0464 

••3032 


10,07 

5.01 

^^• 1 ? 

, 6 <l<l? 

• ,29i0 

-^T3?? 

• 1701 

-.3550 

-.5369 

,56a7 

,n76a 

-,6152 

.9790 

.0639 

•^3950 

901 " 

in.oa 

5.oa 

6 J5 

.8260 

• ,2560 

•^ft?67 

• 179a 

•^3aftft 

•, 3 ao 2 

.7337 

.1079 

-,7098 

,6466 

,0924 

-.aft65 

^897 

10,08 

5,01 

ft. 15 

.O-Jo? 

• .2009 

-.9139 

• 1907 

•,3a2a 

•,3061 

.ftftas 

,1580 

-.7962 

,7<»95 

,1375 

•.567ft 

»89^ 

10 . 1 ? 

5,0? 

l?.lu 

1 , 1 uao 

• .0928 

-.9U09 

• ?063 

-.3?30 

-.3389 

1 .ftiaa 

,? 6 ia 

-,8256 

.0386 

,2311 

•, 6020 

f — 

/9°1 

1 0 , i 0 

5,03 

1 ^ 1 . ft? 

1 .2586 

• ,0059 

-1 .01S3 

• ?155 

-. 310 a 

-.3555 

1,1133 

,3alft 

• ,8983 

1.0931 

,5045 

-.6798 

,90n 

in.it 

7.0? 

, 1 ? 

.5580 

• .5157 


,1899 

-.5558 

-.3988 

,2680 

.0366 

-.9337 

,1682 

.0581 

-.?i7a 

1 899 

10.11 

7.01 

^*,15 

, 606 <» 

• ,0803 

-.TqaO 

• ?193 

«.5ai7 

•,5907 

,S 6 ftl 

,0652 

-.6198 

,9775 

,0614 

• . 399 a 

,900 

10,10 

7.05 

ft.lii 

1,0507 

• ,3871 

-.9796 

• ?505 

•^5235 

• .a0<l2 

,88a5 

,ia72 

-.8006 

,8002 

.1364 

-, 575 a 

,898 

10,11 

b,<>9 

12 . 1 a 

1 ,2587 

• ,2695 

-1.0355 

,?ft76 

• .5006 

•,0207 

1 ,05a7 

.2505 

-,855b 

,9510 

,1311 

».61U8 

I«oo 

10 . oo 

7.01 

ia.63 

1 ,5591 

-.1751 

-l^tlftft 

• 3109 

•*a79? 

•,«352 

1,133ft 

,3365 

-.9380 

1 ,0482 

.3041 

-.6816 

,a99 

20,0? 

1^01 

• 1 ,fift 

.0783 

.0505 

•^Iftftft 

• 0237 

.0090 

-.0506 

.0783 

,05«5 

-.1866 

,0597 

,0455 

-.1361 

,902 

20,05 

1,00 

• 11 

,2029 

.0523 

-.?637 

.0lft5 

,0007 

•,0398 

,?0?9 

,0523 

-.2637 

.1893 

.0427 

• •?239 

^90? 

20, 0« 

1^00 

?.to 

.5952 

.0592 

•,3ai9 

• 01?5 

.0102 

-.0289 

• 3a5? 

,0592 

-.3919 

,3327 

,0490 

• .3130 

,899 

20.00 

1,01 

«,oo 

,5001 

,0762 

•,a?92 

.0116 

.0105 

-.0296 

.5001 

,0762 

-.9292 

,9885 

.0658 

-.3997 

,999 

20,05 

1.01 

ft.t? 

.6731 

.1072 

-.5305 

.013? 

.0112 

-.0368 

.6731 

.1072 

-.5505 

,6598 

,0960 

-.0936 

,900 

20.08 

t ,00 

ft.11 

.8127 

.1562 

• ^ ft09ft 

.Ol?ft 

.0151 

•,0397 

,ftl?7 

.156? 

-.6098 

,7999 

,1410 

-.5701 

,900 

20.06 

.99 

10,11 

.8670 

.2020 

•^5036 

• 0092 

.0?13 

•,038a 

,ftft7a 

,20?0 

-.5938 

.8583 

,1807 

-,55Ba 

'*9fl 

20.05 

.97 

1?.11 

.9065 

.2587 

-.ft3ftft 

.0076 

.0?6ft 

• ,03U9 

,qa65 

.2507 

• ,6386 

.9389 

,2321 

- . 6036 

^(?Q? 

20,06 

.95 

ia.63 

1,0011 

.3388 

..703ft 

,ooai 

.0355 

• ,05«9 

1 .nan 

.33ftfl 

-.7038 

1.0371 

,3033 

- . 6690 


20,00 

3.51 

• 13 

.3587 

-.1581 

ftS39 

.IPa® 

-.?003 

■.9533 

.?76fl 

.oftaq 

-.9687 

.1690 

,0422 

• ,2005 

, 90 ? 

20.05 

3.53 

a.l? 

,6677 

-.1227 

-.ft3ft3 

• ?050 

•.1ft79 

-.9573 

.5703 

.0900 

-.6507 

,9628 

.0652 

• •3790 


20,02 

S.52 

ft, la 

.9989 

-.0555 

-1,0139 

• ?115 

•,17ai 

•,9592 

.ftft62 

,1706 

-.8279 

,7879 

,1386 

••5597 


20,02 

3,51 

12.13 

1,1580 

,0791 

-1 .OSflft 

• ?177 

-.15?9 

•,9599 

1,0310 

,2ftll 

-.8727 

.0903 

,2320 

-,59«8 


20,00 

3:51 

ia,ft5 

1 .2652 

.1672 

-1 ^ 1 570 

• ??77 

-,1359 

•,9767 

1,1 ?95 

.3633 

• .9510 

1 ,0376 

,3031 

• ^6603 

.ift? 

19.56 

5.00 

-1.9r 

.2790 

-.2801 

-.7?ftl 

.?667 

-.3?ai8 

-.6257 

.1565 

.0601 

-.9373 

.0128 

,0404 

-.1029 


10.58 

5.01 

.03 

.0210 

-.2828 

■ ,fl 1 9b 

• ?785 

-.3199 

-.6316 

,P8as 

.Oftftl 

-.5262 

.1925 

,0371 

• .ifteo 

,901 

20,05 

5.01 

2.03 

.5715 

-.2602 

-.9210 

• ?907 

-,306a 

•,6920 

,a?37 

.0799 

-.6291 

.2809 

,0422 

•.2790 

SftT 

20,05 

5.01 

a. 03 

,7557 

-.2392 

-1 .oi?a 

• ?9ft9 

-,?969 

•,6497 

.5758 

,099ft 

-,7203 

,9368 

,0577 

-.3677 

'900 

20,00 

5,01 

ft. 05 

,9089 

•.2020 

-1 .1006 

• 303ft 

-,?ft59 

•,6950 

.7370 

.1510 

-.8082 

,6050 

,0835 

-.0576 


20,05 

5,01 

ft, Oft 

1,0769 

-.1095 

-1 ,lft92 

• 3077 

-.?772 

-.6392 

,ft9?8 

,1790 

-.8957 

,7693 

,1278 

-.5500 


20,05 

5.0ft 

1?.03 

1 ,20?8 

-.0290 

-1 .??53 

.3151 

-.?513 

•,6286 

1 ,0367 

.2809 

-.9329 

,9277 

,2219 

-.5967 

,.J99 

20.05 

5,00 

ia,55 

1 .5560 

.0635 

-1^3055 

.3267 

-.?309 

-,6590 

1.1369 

,367ft 

•1,0133 

1,0299 

,2995 

• .6665 

M99 

• , 1 3 

.77 

-2,0? 

-,0137 

.1170 

-p 0968 

• 0331 

.0507 

•,0619 

■ . 0 1 3 7 

.1170 

•,0968 

-,0468 

,0663 

-.0353 

1,i99 

• , 1 2 

.77 

• , 0 1 

.1120 

.1111 

-^10?? 

.0509 

,oa97 

-.0583 

.1 i?a 

.nil 

•,1922 

.0815 

,0619 

•,1339 

1#195 

-.15 

.75 

2,00 

.2512 

.1160 

-p303a 

• 0333 

,oa97 

■.0668 

,?512 

.iifta 

-,3C34 

.2180 

,0667 

•,?365 


", 10 

.79 

3.98 

,5970 

,1335 

-.a283 

• 0376 

,o5oa 

•, 0803 

, 397 a 

,1335 

-.9283 

,3598 

,0831 

•^3900 


• , 1 0 


5.96 

.5008 

,1628 

-.5506 

. 059 a 

.05?5 

•,0899 

,5aoft 

,162ft 

-.5506 

,5019 

,1103 

•.0611 

199 

",00 

,7fl 

8.01 

,6709 

.2038 

-^6597 

• 0379 

.0568 

-.0927 

,67a9 

,205ft 

-.6597 

,6370 

,1970 

•^5671 

^ .ift3 

-.1 1 

.7U 

12.00 

.9015 

,3008 

-.ft?l 8 

,0306 

, 06 ao 

-.0901 

.9013 

,300ft 

•.8218 

.8707 

,2908 

•,7317 



TABLE III.- Concluded 


M*fH 

VCFR 

NPO 

Al PH* 

CL 

CtO-Fl 

CH 

CLH 

C(nN-F) 

CMN 

clasro 

COAERO 

CHAERO 

CLA 

CDA 

CMA 


•it i 

.72 

>tt,50 

1.03P4 

.3866 

-.9438 

,0553 

,0728 

•,1129 

1 ,8389 

.3868 

•,9938 

1,0037 

• 1140 

•.8108 

i.,?os 

.03 

5.00 


.12S9 

•,1277 

-.2154 

,0937 

•,1807 

•,0788 

,1366 

,0882 

•.2933 

,0801 

.0420 

•.1446 

1,»01 

,00 

5.02 

4,00 

,0266 

-.1036 

•’.4552 

.0651 

•,1876 

•.895? 

.9299 

.1137 

•.9836 

.3616 

,0840 

-.1600 

1,»«0 

.0? 

5^2 

8,05 

.7265 

• p 03o0 

• ',6070 

,0895 

-,1786 

•.1188 

,7090 

,1B67 

•,7259 

,6920 

.1488 

•.5708 

ij9! 

• ,01 

5^00 

12,03 

.9855 

.0780 

-,6606 

,102? 

•,1650 

•.1959 

.9526 

,2937 

•,9177 

,8831 

.2448 

•*.7462 

l,20n 

.02 

r.02 

•2,0n 

.8276 

-.2364 

-.2219 

,0867 

•,3052 

•,1858 

.8378 

,0639 

• ,22<tS 

•,0598 

• 0667 

-.0169 

»/!’3 

.01 

7,00 


.16P0 

-.2400 

-.3171 

,0956 

•,3024 

•.1*53 

,1611 

.0806 

•,3197 

,0669 

.0616 

-.1118 


.0! 

7.01 

2,00 

.3196 

•.2333 

-.4262 

,105? 

•,2008 

•,l«56 

,3029 

,0875 

-,9287 

,2099 

• 0666 

•.2406 

t,?on 

■ ,ot 

7,01 

4,03 

.9751 

-.2136 

-.5472 

,1175 

-,2962 

•.1951 

,9996 

,1069 

•,5996 

.3556 

• 082S 

-.1541 

).tlon 

»,02 

7,01 

6,03 

.6287 

• ,1817 

-,6704 

,1?95 

•,2013 

•.202? 

,5998 

,13T9 

•,6729 

,9993 

.1066 

-.4681 

!/i?? 

• .oa 

T.Ol 

8,03 

,7758 

•.1361 

•,7650 

,19?0 

•,2634 

•,2157 

,7300 

,1809 

*,7876 

,6339 

• 1451 

•.5714 

•M92 

• , oS 

6.00 

12 ,oa 

1 .0966 

•,0253 

-.9784 

.1697 

•.2663 

•.239? 

,0766 

.2895 

• ,9811 

,8799 

.2429 

•,7442 

i,?ni 

•.17 

0.02 


.2036 

-.3512 

•,4121 

,1999 

•.4116 

•,2898 

.1889 

,0799 

•,5890 

,0593 

.0605 

-.1271 


-,?o 

o,o« 

4 02 

.5218 

-.3224 

•,6415 

,1731 

•,4030 

•.2956 

.9770 

.1032 

•,6180 

,3988 

.0816 

•.3478 


•.?1 

0,00 

8.05 

.8316 

• ,2420 

-,8755 

,?01 1 

• .3870 

•,5070 

,7575 

.1781 

•,8525 

,6305 

.1450 

•,5676 


«.?2 

8,00 

12105 

1.1057 

•, 1 265 

• 1 • 0662 

,2?9? 

-.3683 

•,3258 

1,0021 

,2887 • 

1,0932 

,6769 

• 2418 

• ,7404 


^.92 

.76 

•2,00 

■.0196 

,MQO 

•,1112 

,0907 

,0548 

•,0889 

>,9196 

.1190 

•,1112 

•,0553 

.0642 

-.0302 

i,T«« 

9.Q2 

..75 

• ,00 

.1069 

.1124 

-, 1085 

.0356 

.0535 

•',8705 

.1069 

.1129 

•,1965 

,0709 

.0588 

-.1279 

t/joo 

9.93 

.76 

2,0? 

,29T8 

.1167 

-.3078 

,0353 

.0520 

•.0755 

.2978 

,1167 

•.5078 

.2129 

.0619 

•*.2345 

1,!99 

9.03 

.77 

3,90 

.3908 

.1532 

-.4285 

,0386 

,0531 

• ,0899 

,5908 

,1332 

•,9285 

.3522 

.0801 

•.3440 

l,20n 

9.05 

.77 

6,02 

.5373 

,1624 

-,5520 

,0905 

.0554 

•,89aj( 

.5373 

.1629 

•,5529 

.9998 

.1070 

-.4587 

J»»9" 

9.93 

.75 

6,01 

.6679 

.2052 

-.6557 

,0358 

,0505 

•,09)8 

,6679 

.2012 

•,6557 

.6320 

.1417 

• ,5639 


0,05 

.72 

12>2 

.9090 

.5055 

•.8235 

,0?89 

,0654 

•.0915 

,9098 

.3055 

•,8235 

,8756 

.2401 

-.7321 

1 .?fto 

0,06 

U,00 


.1888 

-.1127 

-.4005 

.1351 

•,1754 

•.2998 

,1590 

,0957 

•.5938 

,0556 

.0627 

•.1146 

l,jon 

0,03 

5.01 

4,01 

.9875 

-.0052 

-,6397 

.1503 

• '.1670 

•.3182 

.9952 

.1212 

•,5790 

.3372 

.0827 

-.3294 

l»i9* 

9.02 

5.00 

8,00 

,7819 

• , 0006 

-.6666 

.1603 

-,1551 

•,3199 

,7251 

,1935 

•,8027 

.6217 

.1455 

-.5537 

1,199 

9,02 

5,01 

l2,oa 

1.0350 

.0008 

-1 .0445 

,16T9 

•,1422 

•,5181 

,9617 

.2996 

•,9783 

,6676 

.2420 

-.7264 


0.03 

7.03 

•2,00 

,0886 

-.2236 

-.3865 

,1695 

• ,2008 

•,5786 

,8994 

.0890 

•,2857 

•.0756 

.0672 

-.0158 

1,»00 

0,00 

7,01 

.02 

,2273 

-.2235 

•,4044 

,1790 

•,2859 

•.3858 

.1773 

.0869 

•,3938 

,0963 

.0624 

-.1106 

i ,?"? 

0,00 

7,00 

2,02 

.3766 

• ,2134 

• .6036 

.1900 

•.2704 

•,3905 

.3159 

.0995 

•.5032 

.1666 

.0660 

• .2112 


0,00 

7,00 

4,03 

.5537 

-.1920 

-.7224 

,?005 

• .2737 

•.5958 

.9622 

,1136 

-.6220 

,3339 

.0816 

-.3274 


OpOO 

7,01 

6,01 

,6897 

-.1502 

-.8376 

,2089 

•.2665 

•,3969 

.6027 

,1438 

-.7573 

,9763 

.1074 

-.4413 

1,19" 

9,00 

7.00 

6.04 

.8358 

-.1140 

-.9535 

.2171 

•.2561 

•,9018 

,7929 

.1866 

•,8528 

,6187 

.1441 

-.5517 

i,i99 

0,00 

7.03 

12,05 

1,0990 

.0003 

•1,1327 

.2313 

-.2305 

•,9085 

.9800 

.2995 • 

1,0517 

,6627 

.2199 

-.7242 

I,?"" 

0,01 

0,04 

>3 

.28>9 

-.3307 

-.6127 

.2389 

• ,5010 

•,5027 

,2)1A 

.0821 

• ,9769 

,0955 

.0604 

-.1100 

i,eon 

9,00 

0,03 

4,04 

.5955 

-,2938 

-,8404 

.2661 

-.3736 

•.518? 

,9965 

.1120 

• ,7058 

,3279 

.0800 

-.3222 

1,19" 

O.ftO 

8,06 

6,03 

,9093 

-.2105 

-1 .0726 

.2033 

• ,3500 

•,5287 

.7776 

,1870 

• ,9379 

.6111 

.1406 

-.5439 

1.1 

0,00 

6.00 

12.06 

1,1685 

00 1 0 

•1,2400 

.3083 

-.3286 

•,5277 

i,0192 

.2965 -IplOP 

,6602 

.2176 

• .7213 



TABLE IV.- AERODYNAMIC CHARACTERISTICS FOR SERN, A/B POWER, CANARD OFF 


M*rH 

vErp 

NPR 

*lph* 

Cl 

c(D«n 

CM 

CL^J 

CC0M*F) 

CMW 

CLAFRO 

CDAERD 

CM4EB0 

CLA 

CD6 

CMA 

,A0n 


.99 

-2,0? 

.oata 

,0008 

• ^ 0772 

•.0055 

.0105 

.0?17 

,oa7S 

,0443 

•,0T72 

.0533 

.0338 

-.0989 


• .0? 

.99 

• >1 

.1700 

.0007 

■ ,M65 

• ,0081 

.01 oa 

,027? 

,1790 

,0407 

•,1065 

,1871 

.0808 

-.1737 

,fc00 

• i 0? 

,99 

2,00 

,J18S 

,0052 

• ,222ft 

• ,007ft 

,0099 

,025ft 

.3185 

,0452 

••2226 

,3264 

,0858 

• ,2479 

f599 

• i ol 

1,00 

a, 00 

.01)87 

.0507 

• ‘,3077 

• ,ooas 

.0100 

.0168 

.a657 

,0547 

•.30T7 

,4704 

,0007 

• ,3240 


• • 02 

1 .00 

6,00 

,6168 

.0708 

.,395S 

• ,0021 

>ioa 

,0071 

.6163 

.0703 

•,8958 

.6184 

,0600 

• ,4029 


• , 0 ? 

1 .00 

T,99 

.7650 

,0959 

•.^787 

,0036 

.0119 

-,ftft86 

.7650 

,0959 

•,0787 

.7614 

,0600 

-.4701 

,6''? 

• t 03 

1.00 

11,98 

.9871 

,2010 

•,6327 

,01 ai 

,0197 

-.0010 

.9871 

,2014 

•,6827 

,9731 

.1816 

-.5913 

,599 

• ,pa 

.96 

lu 5n 

1 ,05?t 

,2903 

• ,691 a 

,001a 

,0217 

■,ftl81 

T,0S21 

,2903 

•.6910 

1 ,0507 

.2886 

• ,6782 

^599 

• * '1 ft 

3.51 

-2,01 

,0680 

-.5209 

• ’^1672 

• 012a 

•>539 

-.0006 

^07«5 

,0277 

• , 1096 

,0509 

,0291 

-,1176 

,599 

-.?2 

3.51 

00 

.2217 

-.5256 

• .2Ufl3 

.0325 

•.5513 

-.0887 

,?175 

.0249 

• ,2310 

,1892 

,0257 

• ,1947 

,599 

•.?5 

3.51 

?,01 

,3800 

-.5206 

-.3269 

,0527. 

•.5516 

•,0599 

,3605 

,0309 

-.8115 

,331 5 

,0110 

• ,2690 

,599 

• . o5 

3.52 

a 00 

.55h 

-.81 05 

•>170 

,07a6 

-‘.5513 

-,07l 1 

,5081 

,0420 

• ,8992 

,4765 

,0008 

• ,5459 


• .i^ 

3.97 

8,02 

.7280 

• ,080s 

•^5061 

,0956 

• ,5aio 

• ,0798 

.6619 

.0599 

• ,0896 

.6273 

,0565 

• ,4263 


••15 

3.51 

8,00 

,8956 

• .0619 

•,59aa 

,1215 

•>a5? 

• ,0998 

,ftia3 

,0869 

•,5769 

,7741 

,0810 

• ,4949 

,(kOt 


3, as 

12,00 

1.1628 

• .8281 

•,7651 

.1691 

-.51 oa 

•,10ft8 

1 ,na70 

,198ft 

•^7086 

.9937 

,1828 

• ,6242 


•■IT 

3.51 

ia,5o 

1.2650 

-.2399 

• ^ fla S6 

,1905 

• ,5097 

•,1886 

1 . i2ao 

,2«8ft 

• ,8310 

1,0744 

,2698 

•.7130 


p.qft 

,99 

• 2,02 

.0590 

.0025 

• >2ft5 

,0155 

,012ft 

•,0887 

.0594 

,0425 

• ,1285 

,0439 

,0297 

•,0949 


0.06 

.99 

.01 

,1915 

,0887 

• j,1922 

,0103 

,0133 

•,0206 

,1915 

,0387 

•,1922 

,1812 

.0250 

-.1716 


9.Pft 

.99 

2,03 

.8806 

,0002 

• , 2665 

,0090 

,013ft 

•,0206 

,3306 

,0442 

-,2665 

,3216 

,0804 

• ',2459 


9,9T 

1.00 

3,97 

,0700 

.0500 

-.3522 

,012a 

.01 as 

•,0816 

,4744 

,0544 

-.8522 

,46?0 

,0396 

-,3206 

,*"i 

9,95 

1.00 

6.01 

.6381 

.071 1 

-,aa78 

,0169 

.0162 

•,0058 

.6351 

.0711 

• ,0078 

,6182 

,0509 

• ,4025 


1 0 , i fe 

l.OO 

8,00 

,7888 

,0980 

• >?7a 

,0211 

.0190 

•,0577 

^7833 

,09ftO 

•,5270 

,762? 

,0790 

•,4697 

,iP9 

10.09 

.99 

12,01 

1.0008 

,2083 

•,6700 

,0257 

.0275 

•,077ft 

1 ,0003 

.2033 

• .6700 

,9746 

,1759 

•,5930 

,(kf>n 

10.1? 

.98 

10:53 

1,0707 

,2901 

-.7393 

,0171 

,0290 

•,05«9 

1.0707 

,2941 

-.7898 

1,0535 

.2650 

-.6805 


9.9fc 

3.U9 

-2,00 

,1952 

•,0956 

• >1?2 




.1239 

,0341 

-.2957 




,*9? 

10.0? 

3.51 

-.00 

.8589 

• .0906 

-,6021 




,263ft 

.0335 

• ,8806 





I0,f|/| 

3.51 

2,03 

.8157 

.,0850 

•.6R59 




.4065 

,041B 

■ ,0676 





10^03 

3,51 

a, 01 

.6887 

•,0668 

• >729 




,5563 

,0553 

• ,5508 





10.07 

3.51 

6,03 

,8528 

•,0080 

•,8633 




.7065 

,0748 

• ,6009 




,*,01 

10, n? 

3.51 

8,03 

1 ,021a 

•,0097 

->a60 




,857ft 

,1039 

•.7278 




,909 

10,01 

3,51 

12,03 

1 .2885 

-.2895 

•1 ,1029 




1 ,0ft«3 

,2131 

• .8880 





10,0? 

5,50 

ia,5a 

1 ,8906 

-.1876 

•1 .lS9a 




1,1720 

,3073 

• ,9692 




,*.00 

20,0? 

.99 

• 2.03 

.0655 

,0007 

•,tU63 

,02a5 

.oias 

•,0872 

.0655 

,0447 

• ,1068 

,0410 

,0298 

•,0892 


20,05 

.99 

• no 

,2017 

.0015 

•,2?00 

,021a 

.0161 

• ,0806 

.2017 

.0415 

•,220ft 

,1603 

,0250 

•,1694 


20.09 

.99 

1,9« 

.3385 

,0067 

• '.2913 

.0195 

,016a 

• ,0082 

,3385 

,0467 

• ,2918 

.3190 

,0808 

•.2431 


20,03 

1,00 

3,99 

.0895 

.0579 

..3fl13 

,0226 

,0 179 
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(a) Top view. 
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(b) Bottom view. 


Figure 1.- Photographs of model. 
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Figure 4.- Sketch of twin-jet propulsion simulation system with upright SERN. All 
dimensions are in centimeters unless otherwise noted. 
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(a) Top view. (b) Bottom view. 


Figure 7.- Photographs of the single-expansion-ramp nozzle 
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Figure 8,- General arrangement of model 
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(a) M = 0.60; NPR = 3.5. 

Figure 9.- Effect of thrust vector angle on total wing-afterbody-nozzle aerodynamic 

characteristics. Canard on; dry power. 







(a) M = 0.60; NPR = 1 .0. 

Figure 10.- Effect of thrust vectoring on thrust-removed wing-afterbody-nozzle 
aerodynamic characteristics. Canard on; dry power. 






(b) M = 0.60; NPR = 3.5. 
Figure 1 0 .- Continued. 
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(c) M = 0.90; NPR = 1 .0. 
Figure 10.- Continued. 
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(e) M = 1 .20; NPR =1.0. 


Figure 10.- Continued. 
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(d) M = 0.90; NPR = 5.0. 
Figure 11.- Continued. 
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(f) M = 1.20; NPR = 7.0. 
Figure 1 1 •- Concluded, 
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(a) M = 0,60 

Figure 14.- Effect of canard on thrust-removed 
characteristics . Dry power ; 6 


wing-afterbody -nozzle aerodynamic 
= 0®; NPR = 1 .0. 










(a) M = 0.60 


Figure 15.- Effect of canard on thrust-removed wing-afterbody aerodynamic 
characteristics. Dry power; 6^ = 0°; NPR = 1.0. 



(b) M = 0.90. 


Figure 15.- Continued 



(c) M = 1 .20. 


Figure 15.- Concluded 
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Figure 16.- Comparison of experimental and theoretical aerodynamic characteristics. 

Dry power; jet off; M = 0.60; 6 =0°. 
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Figure 17.- Effect of canard and thrust vectoring on thrust-removed wing-afterbody 
aerodynamic characteristics. Dry power; M = 0.60; NPR = 3.5. 
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Figure 18,- Effect of canard on incremental wing-afterbody lift. 
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